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ABSTRACT 

Results  obtained  from  participation  In  previous  atomic  tests 
proved  conclusively  that  nuclear  detonations  of  3  KT  and  higher  could 
be  detected  and  displayed  on  the  Indicators  of  standard  X-band  radar 
bombing  systems  and  Ku-band  radar  systems.  Participation  In  Operation 
tIPSHOT-KKOTHOLS  provided  an  opportunity  to  test  new  techniques  believed 
applicable  to  an  Indirect  Bomb  Damage  Assessment  (IBDA)  system  as  well 
as  to  Investigate  certain  phenomena  associated  with  a  nuclear  deton¬ 
ation  which  might  affect  the  Interpretation  of  the  radar  display. 

Three  B-29  type  aircraft  pertlclpated  In  Project  6.2  and  war®  In¬ 
strumented  as  follows:  l)  Fast  scan  Ku-band  radar  set  AN/APS-48 (XA\i ) 
and  Instrumentation  to  Investigate  the  electromagnetic  wave  emanatl^ 
from  a  nuclear  detonation,  as  applied  to  the  determination  of  height^, 
of-burst;  2)  Standard  scan  Ku-band  radar  set  AN/APS-43 (XA-l)  and 
Airborne  Moving  Target  Indicator  (AMTI)  equipment,  radar  set  AII/APS-27 
(XA-5)!  3)  radar  set  AN/APS-23  modified  In  accordance  with  High 
Information  Content  Study  (HICS)  procedures,  which  results  In  radar 
pictures  containing  more  detailed  Infornmtlon  than  can  normally  be 
obtained  from  unmodified  radar  sets. 

Tour  Mark  III  Bhangmeters  were  tested  during  the  operation.  Two 
Bhangmeters  were  Installed  In  two  of  the  B-29  aircraft  for  all  shots 
except  Shot  9  when  one  was  Installed  In  each  of  two  B-29's  and  two  wera 
Inetalled  In  the  drop  aircraft,  B-50  #7169.  The  yield  measuring 
portion  of  the  instruments  gave  results  which  appear  to  be  wlthl  the 
measurement  accuracy  for  Bhangmeters.  The  tlme-of-fall  mechanism  did 
not  perform  satisfactorily  due  to  mechanical  malfunctioning  of  the 
clock  mechanism. 

The  Nevada  Proving  Ground  portion  of  this  project  Investigated 
the  refraction  of  a  radar  beam  passing  near  a  fireball,  endeavored  to 
obtain  fundamental  data  concerning  various  phenomena  associated  with 
a  nuclear  detonation  by  observing  the  direct  radar  returns,  and 
ascertained  If  a  correlation  exists  between  any  of  the  various  charac¬ 
teristics  of  the  returns  and  the  yield  of  the  detonations.  Details 
of  this  part  of  Project  6.2  may  be  found  In  Appendix  A  of  this  report. 
The  refraction  of  the  radar  beam  was  too  small  to  be  resolved.  %dar 
reflection  from  the  fireball  was  not  observed.  However,  on  all  ex¬ 
periments  large  fluctuations  of  radar  signal  amplitude  were  present, 
which  Is  Interpreted  as  being  due  to  .Interference  effeets  between 
elgnals  that  had  traveled  different  paths. 
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It  is  concluded  that  to  obtain  IBDA  parameters,  a  fast  scan  type 
radar  set  ic  desirable  but  not  necessary*  that  the  AMTI  equipment 
tested  is  too  susceptible  to  interference  to  bo  considered  usable  in 
an  IBDA  system;  that  some  of  the  HTC8  procedures  and  modifications  are 
desirable  for  inclusion  in  an  IBDA  system  but  none  are  considered 
necessary  to  obtain  the  IBDA  parameters;  that  it  is  not  practical  to 
use  the  electromagnetic  wave  emanating  from  a  nuclear  detonation  to 
determine  its  helght-of-burst  above  ground. 
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rOSXWORD 


This  report  Is  one  of  the  reports  presenting  the  results  of  the 
78  projects  participating  In  the  Military  Bffecte  Teste  Program  of 
Operation  tJPSHOT-KNOTHOIiI!,  which  Included  11  test  detonations.  Tor 
readers  Interested  In  other  pertinent  test  Information,  reference  is 
made  to  <fP-782,  Summary  Report  of  the  Technical  Director.  Military 
Iffeets  Program.  This  summary  report  Includes  the  following  Infor¬ 
mation  of  poselhle  general  Interest. 

a.  An  oyer-all  description  of  each  detonation,  Including  yield, 
height  of  buret,  ground  zero  location,  time  of  detonation,  ambient 
atmospheric  conditions  at  detonation,  etc.,  for  the  11  shots. 

b.  Compilation  and  correlation  of  all  project  results  on  the 
basic  measurements  of  blast  and  shock,  thermal  radiation,  and  nuclear 
radiation. 

e.  Compilation  and  correlation  of  the  various  project  results 
on  weapons  effects. 

d.  A  summary  of  each  project.  Including  objsctivsa  and  results. 

e.  A  complete  listing  of  all  reports  eoTerieg  the  Nllitary 
Iffeets  Tests  Program. 
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PREFACI 


The  purpose  of  this  report  is  to  present  the  rt  mite  of  teste  of 
techniques  helleTed  appllcehle  to  Indirect  P^mh  Damage  Assessment 
systems  and  also  report  the  results  of  Investigations  of  certain 
phenomena  aeaoelated  with  a  nuclear  detonation  which  might  affect  the 
Interpretation  of  the  radar  display. 

The  writer  wishes  to  acknowledge  the  cooperation  and  assistance 
afforded  Project  6.2  hy  the  program  director  and  his  staff.  This 
assistance  was  especlall;'  appreciated  hy  project  personnel  stationed 
at  the  Nevada  Proving  Ground  who  found  themselves  faced  with  numerous 
and  unexpected  difficulties  which  were  overcome  through  the  assistance 
of  the  program  director.  The  writer  also  wishes  to  acknowledge  the 
assistance  and  work  performed  hy  all  personnel  directly  associated 
with  Project  6.2  and  the  assistance  rendered  hy;  Air  Force  Special 
Weapons  Center,  and  particularly  the  it925th  Test  Group  (Atomic); 

Sandia  Corporation's  movie  and  still  film  processing  lahoratorles; 
Radar  personnel  from  Air  Force  Armament  Center;  and  the  SAC  aircraft 
crew  from  Barksdale  Air  Force  Base. 
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CHAPT2R  1 

OBJgCTITa 


1.1  OimBRAL 

Since  participation  in  Operation  SUSTSUJANCLZ,  nev  techniques 
had  been  developed  which  were  believed  applicable  to  an  Indirect  Bomb 
Damage  Assessment  (IBDA)  system.  Operation  UPSHOT-OOTHOLB  provided 
an  opportunity  to  test  these  techniques  and  determine  if  they  were  of 
sufficient  importances to  include  in  a  proposed  IBDA  systems^ meeting 
the  requirements  of  Headquarters,  USA7. 

As  a  result  of  previous  tests  and  the  proposed  use  of  the 
observed  radar  returns,  questions  were  raised  regarding  the  refraction 
of  a  radar  beam  when  in  close  proximity  to  a  fireball  and  if  the 
observed  radar  return  could  be  correlated  with  the  yield  of  the  nuclear 
detonations.  These  two  points  were  Investigated  by  installation';  at 
the  Nevada  Proving  Ground  (NPO), 

1.1.1  Hadar  Set  AN/AP8-4e (XA-1 ) 

This  radar  set  operates  in  the  Ku-band  and  has  a  "looking" 
rate  of  8.0  •WUIIU  CUUsfMXX'trU  Lu  Cl  BUbiilUHi'ii  TaCLAr 

of  1.4  "looks"  per  second.  It  was  believed  that  the  increased  number 
of  frames  containing  the  radar  return  would  insure  usable  IBDA  data. 

1.1.2  Radar  Set  AN/APS-27 

This  radar  set  is  an  Airborne  Moving  Target  Indicator  (AMTI) 
and  consists  of  radar  set  AN/APS-23  and  additional  modifying  boxes. 
Since  the  radar  returns  from  a  nuclear  detonation  are  associated  with 
the  advancing  shock  front,  at  its  point  of  intersection  with  the 
ground,  it  was  thought  that  an  AMTI  system  might  present  the  returns 
more  clearly  than  a  standard  radar  set.  If  two  indicators  were 
attached  to  the  system,  one  to  present  the  AMTI  rettims  and  another 
to  present  regular  radar  returns,  an  overlay  or  combination  of  the 
resulting  pictures  might  provide  more  accurate  measurements  of  the 
IBDA  parameters . 
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1 . 1 . 3  iiif'h  InforiTiHtton  Content  Study  Syetoa  (HIOS) 

Thla  system  utilises  radar  set  AS/APS-Z3  modified  and  operated 
In  accordance  with  the  procedures  resulting  from  the  HICS  study.  The 
radar  picture  resulting  from  these  procedures  was  to  have  more 
detailed  Information  than  Is  normally  obtained  from  standard  radar 
sets  operated  In  the  usual  manner,  and  would  therefore  provide  more 
accurate  neasurements  of  the  IBDA  parameters. 

1.1.4  Ileetromajmetlc  Wave  Ibcoerlment 

During  the  course  of  an  IBDA  study  contract,  the  contractor. 
Vitro  Corporation  of  America,  proposed  that  the  helght-of -burst  of  a 
nuclear  detonation  might  be  determined  by  utilising  the  electromagnetic 
%rave  which  emanates  from  a  nuclear  detonation.  This  could  be 
accomplished  In  an  aircraft  by  measuring  the  time  difference  between 
the  receipt  of  the  direct  wave  and  the  wave  reflected  from  the  ground. 
Information  regarding  the  characteristics  of  the  electromagnetic 
wave  as  received  on  the  ground  Is  available  from  several  sources, 
however,  the  characteristics  of  the  electromagnetic  wave  as  reoalved 
In  an  aircraft  had  never  been  determined.  The  Instmaontatlon 
employed  was  to  provide  the  desired  Information. 

1.1.5  Ksrk  III  Bh»nj>metere 

These  Bhengmeters  consisted  of  a  yield  measuring  device, 
based  on  the  llght-tlme  curve,  and  a  clock  meehanlem  to  record 
tlme-of-fall,  which  can  be  converted  to  the  height-ef-baret  of  a 
weapon  dropped  from  an  aircraft. 

1.1.6  Bevada  Proving  Ground  ftroerlments 

These  are  covered  in  detail  in  Appendix  A  of  this  report. 
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CHAPTXB  2 


BACKSROUND  AND  THBORT 


2.1  BACTCOROUKD 


Headquarters  USA?  has  placed  upon  Headquarters  Air  Research  and 
Berelopment  Comnand  a  requirement  to  derelop  an  all-veather  IBBA 
system.  By  the  use  of  this  system  it  vlii  vj  tc  sv-lunte  the 

effect  of  nuclear  weapons  upon  enemy  installations.  The  IBBA 
parameters  which  are  collected  by  the  strike  aircraft  or  accompanying 
aircraft  will  be  used  to  determine  the  amount  of  damage  Inflicted  upon 
the  target  by  relating  the  value  of  these  parameters  to  overpressure 
or  by  other  suitable  procedures.  This  correlation  Is  not  a  part  of  the 
activity  of  the  agency  developing  the  system  to  which  the  tests 
described  herein  *''rtaln.  Advantages  of  such  a  system  are  obvloue, 

Kot  only  Is  operational  planning  of  future  strikes  expedited,  but  also 
the  requirement  for  Immediate  post-strike  reconnaissance  will  be 
eliminated. 

2,1.1  Previous  Teets 

Analysis  of  plan  position  Indicator  photographs  taken  during 
Operations  CROSSROADS,  SANDSTONB,  GRE3WHOUSE,  BUSTER-JANOLB,  TDMBLER- 
SNAPPER,  and  ITf  Indicate  that  the  observed  radar  return  results  from 
detonations  of  3  KT  and  higher,  when  detonated  under  the  conditions 
which  prevailed  during  these  teste.  The  returns  from  detonations  in 
the  Pacific  Proving  Grounds  (PPG)  area  are  much  easier  to  obtain  since 
radar  gain  controls  can  be  set  higher  due  to  the  lack  of  continuous 
ground  painting.  Furthermore,  most  of  the  detonRtlons  at  the  PPG  are 
of  higher  yields  than  those  detonated  at  the  NPG,  which  results  in  a 
better  radar  return.  However,  it  Is  believed  that  yields  of  15  KT 
and  higher  can  be  detected  over  areas  such  as  the  NPG  with  moderate 
care  In  the  setting  of  the  various  radar  controls. 

Since  it  has  been  proven  8.9/  that  radar  techniques  can  be 
used  to  obtain  the  ground-zero  parameter  needed  for  IBBA,  and  radar 
is  an  all-weather  device,  an  IBDA  system  based  on  the  AN/APQ-2^  and 
K-serles  bombing  systems  has  bean  proposed  to  fulfill  the  requirements 
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of  Headquartara,  USAT.  Since  this  IBSA  ayetem  haa  been  proposed  and 
placed  In  a  development  stage,  new  radar  technlquea  had  become 
available  which  were  believed  applicable  to  the  proposed  IBSA  system 
or  to  a  new  and  better  IBQA  system  and  TPSHOT-ENOTROLl!  provided  an 
opportunity  to  determine  the  feasibility  of  the  proposed  techniques. 

2.2  THBORT 

The  cause  of  the  observed  radar  return  obtained  from  a  nuclear 
detonation  has  been  dlecuaaed  since  the  phenomena  were  first  observed 
during  CItOSSItOACS .  Many  theories  have  been  advanced,  however  as  a 
result  of  their  study  contract.  Vitro  Corpor  .tion  of  America  has 
recently  stated  that  most  of  the  observed  results  are  oonslstant  with 
a  theory  that  states  that  the  radar  return  Is  due  to  the  breaking  up 
of  the  earth  or  wate  by  the  shock  wave.  The  shock  wave  forces  earth 
or  water  Into  the  air,  thereby  Increasing  the  effective  reflection 
coefficient  by  Increasing  the  aspect  angle  and  by  Increasing  the  area 
available  for  reflections.  Further  detailed  explanations  may  be  found 
In  Vitro  report  No.  KIJt-1659  2/* 

The  fireball  cloud  shadow,  first  observed  during  BTISTBR-JANGUB  g/, 
Is  a  useful  aid  In  determining  gross  errors  In  helght-of-burst  and 
.yield.  The  fireball  cloud  associated  with  a  nuclear  detonation 
absorbs  radar  energy  for  a  varying  time,  dependent  upon  the  yield 
of  the  detonation.  Therefore,  a  shadow  Is  east  unon  the  ground  over 
an  area  representing  the  fireball  cloud  and  this  area  appears  on  the 
radar  as  an  area  of  no  ground  return,  hence  the  name  "fireball  cloud 
shadow" . 

The  tests  conducted  during  UPSHOT-OOTHOUi  Indicate  that  there 
Is  no  "early  bright  spot  return"  from  the  nuclear  detonation  Itself. 
Therefore,  It  Is  concluded  that  previously  observed  phenomena  of  this 
type  §/  must  be  due  to  the  shock  wave's  first  Interseetion  with  the 
ground,  directly  tuder  the  air  burst. 
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CRAPTBR  3 


IW9TRDMBNTATI0W 


3.1  OBRBRAL 


The  InetrufflentAtlon  employed  hy  Project  6.2  wns  briefly 
dlflcuseed  In  Chnpter  1  of  this  report.  The  rnder  eete  nnd  Bhenf:meter 
are  described  In  detail  In  the  respective  documents  listed  In  the 
bibliography.  The  Instrumentation  employed  by  the  airborne  electro- 
maftnetle  wave  exnerlment  consisted  of  a  loop  antenna  to  receive  the 
direct  and  reflected  electromagnetic  wave.  The  el/?nalo  were  then 
presented  on  a  DuMont  type  294A  osolllo<traph.  A  Polaroid  Land  camera 
and  a  Warrlclc  Model  P  continuously  moving  film  camera  were  used  to  re¬ 
cord  the  signals  presented  on  the  oselllorraph.  Detailed  Information 
re^rardln/?  this  experiment  may  be  found  in  Vitro  report,  BLX-1659  2/* 

The  radar  data  obtained  by  radar  sets  AM/APS-48 (XA-1 ),  AN/APS-'O 
(XA-l)  and  AN/APS-27(XA-5)  were  displayed  on  a  plan  position  Indicator 
and  also  as  an  "A"  type  presentation  on  DuMont  type  29^A  oscillographs. 
The  radar  set  plan  position  Indicators  were  photographed  with  type  0-15 
Recording  Cameras  and  the  "A”  presentations  by  Bell  and  Howell  high 
speed  motion  picture  cameras  and  Warrick  Modal  7  continuously  moving 
film  cameras.  The  Instrumentation  used  and  the  modifications  required 
in  the  radar  sets  Is  covered  In  HnSTBR-JAHCLB  report  WT-34U  8/. 

The  High  Information  Content  Study  system  consists  of  a  basic 
radar  set  AN/APS-23  modified  by  the  addition  of  an  "electronic  gray 
wedge"  which  eliminates' the  bright  center  that  Is  characteristic  of 
radar  displays;  an  "antl-halatlon"  circuit  In  the  PPI  Indicator  to 
remove  the  bright  spot  In  the  center  of  the  Indicator  tube;  specially 
focused  0-15  recording  camera  with  matched  film  magazines;  a  trl- 
metrlgon  Installation  of  JT-l?  aerial  cameras  triggered  by  the  radar 
set;  and  Improved  mirrors  In  the  0-15  recording  camera  optical  system. 
In  addition,  a  second  Indicator  was  employed  which  was  photographed 
by  an  0-9  camera  giving  a  1:1  photographic  recording  of  the  radar 
presentation. 

The  Instrumentation  employed  by  the  NPC  portion  of  the  project 
la  covered  In  Appendix  A  of  this  report,  and  In  somewhat  greater  detail 
In  Vitro  report  KLX-l65fi  12/. 
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CHAPTltR  k 


OPIRATIOm 


U.l  AIRCRArr 


Th«  three  B-29  eircmft  esct^ned  to  this  pro.lect  operated  from 
Xlrtlnnd  Air  Torce  Bnse,  Albuq^uerque,  New  Mexico,  throu/rhoot  the 
operation.  At  the  NPO  the  aircraft  were  positioned  In  space  at  what 
ms  considered  optlnmm  poeltlone  for  the  techniques  under  test.  In 
general,  the  positioning  was  not  critical  and  the  aircraft  were  some 
8  to  10  miles  slant  ranre  from  ground  sero  at  the  time  of  detonation. 
The  aircraft  were  \mder  the  operational  control  of  the  4925th  Test 
Oroup  (Atomic)  and  follomd  the  operational  plan  and  Instruetlens 
published  by  that  ormnlsatlon. 

4.2  ■QTnPKBOT.  AIRBORNl 

In  general,  the  Instrumentation  employed  was  calibrated  and 
adjusted  prior  to  each  shot.  The  procedures  employed  were  not  nnlque 
In  any  respect  and  are  therefore  not  considered  of  sufflelent 
Importance  to  Include  In  this  report. 

4.3  IQTTIPMNNT.  TVTkPk  PROVING  OROTTNP 

This  Is  cowered  In  Appendix  A  of  this  report  and  In  greater 
detail  In  Tltro  report  XIX-1658  12/. 
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CHAPTJR  5 


RB3ULTS  AND  DI8CTTSSI0R 


5.1  QENmL 


The  airborne  p'>rtlon  of  thle  project  wae  performed  to  gether 
qualitative  Information  from  the  teehnlquee  employed  ae  they  might  he 
applied  to  an  IR'HA  eyatem.  The  reeulte  obtained  were  pictures  of 
radar  Plan  Position  Indicator*  showing  ground  zero,  the  radar  return 
received  from  a  nuclear  detonation  and  the  cloud  ehadow  phenomena 
which  has  been  observed  during  previous  teste.  Sample  pictures  of  the 
results  obtained  are  not  Included  In  this  report.  Report  reproduction 
techniques  degrade  radar  pictures  to  the  extent  that  It  becomes 
difficult  for  the  reader  to  distinguish  differences  that  are  apparent 
when  viewing  glossy  prints  or  the  original  film.  ISirthermore,  sample 
pictures  of  nuclear  detonations  as  viewed  on  X-band  and  Ru-bejid  radar 
sets  amy  be  seen  In  ORSENHOUSE,  RU5TER-JANGL'!'  and  TDMBLER-SRAPPER 
reports,  which  are  listed  In  the  bibliography.  Therefore,  only  verbal 
results  are  presented  for  the  techniques  tested. 

The  NPO  portion  of  thle  project  is  covered  in  Appendix  A  of  tnis 
report. 

5.1.1  Radar  Set  AN/APS-48 (XA-1^ 

This  radar  set  was  used  In  10  of  the  11  shots.  Ro  data  were 
obtained  from  two  of  the  shots  because  of  equipment  malfunction,  and 
from  one  shot  because  of  the  film  being  fogged  by  radioactivity.  Of 
the  remaining  seven  shots,  radar  returns  were  observed  from  three 
shots.  When  radar  returns  were  obtained,  the  returns  were  visible 
for  many  more  frames  than  obtained  from  a  standard  radar,  however, 
due  to  the  power  and  antenna  limitations  of  this  radar  set,  the 
overall  presentation  was  very  poor  and  not  as  detailed  as  that  obtained 
by  standard  radar  sets.  Therefore,  the  technique  of  fast  scan  radar 
Is  concluded  to  be  desirable  but  certainly  this  particular  radar  set 
Is  not  applicable  to  IBDA. 
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5.1.2  Rad^r  Set  Al!r/A?S-27  (XA>5) 


Unfortunately  thla  rndar  set  was  Installed  In  an  a.lx'oraft 
which  failed  to  participate  In  three  ehote  hecaiise  of  engine  failures. 
The  aircraft  was  not  scheduled  to  participate  In  two  shots,  and  the 
radar  aet  felled  on  one  shot.  Of  the  remaining  five  shots,  radar 
returns  were  observed  from  three  shots.  During  the  operation  It  was 
noted  that  this  radar  set  v/as  extremely  susceptible  to  Interference 
from  other  radar  sets  In  the  general  area,  which  makes  Its  application 
to  IBDA  highly  questionable,  '"he  technique  apuears  to  be 
applicable  to  IBDA  to  detect  the  radar  return  associated  with  the 
alvanclng  shock  front.  However,  an  AMTI  technique  omst  be  developed 
that  eliminates,  or  reduces  appreciably,  the  Jamming  vulnersbillty 
which  this  rador  set  now  has. 

5.1.3  Radar  Set  AH/AP3-»3  (XiUl ^ 

This  radar  set  was  Installed  In  the  same  aircraft  as  radar  set 
AII/APS-27 (XA-5),  therefore  It  was  not  used  on  five  of  the  11  shots. 

Of  the  remaining  six  shots,  rad*>r  returns  were  obtained  from  four  shots* 
The  results  obtained  from  this  radar  were  far  superior  la  quality  to 
those  obtained  by  radar  set  AN/APS-46(]UU1).  This  was  expected,  elaoe 
this  radar  set  has  higher  power  output  and  a  larger  antenna  which  will 
provide  a  picture  which  contalne  greater  detail  and  has  better 
definition. 

5.1.^  High  Information  Content  Study  System (HICS) 

The  HICS  system  was  operated  on  eight  of  the  11  shots.  Of 
the  eight  shots,  radar  returns  were  obtained  from  six  ehote,  however 
eeveral  of  the  returns  are  of  doubtful  value  for  IBDA  purposes.  Radar 
returns  from  three  of  the  shots  were  considered  satisfactory  for  IBDA 
purposes.  In  general,  the  techniques  employed  in  the  HICS  system 

•hnilld  b«  ti««d  whan  f.hav  ara  ..vallabla  In  atandaiM  radara.  Hft  marVad 

difference  In  the  quality  of  the  radar  returns  was  noticed  to  the 
extent  thrt  the  techniques  should  be  considered  a  necessary  part  of 
an  IRDA  system. 

5.1.5  Blectromagnetlc  Wave  Bxuerlment 

This  experiment  was  performed  by  Vitro  Corporation  end  Is 
reported  in  great  detail  in  their  report  KIJC-1659  2/*  I®  general, 
some  informntlon  was  obtained  concerning  the  nature  of  the  electro¬ 
magnetic  signals  received  by  aircraft  from  nuclear  detonations. 

There  may  be  a  correlation  betv'een  yield  and  the  amplitude  of  the 
electromagnetic  signal  but  there  was  not  enough  data  to  confirm  this 
belief.  The  electromagnetic  slgnalswere  much  more  complicated  than 
originally  anticipated.  As  a  result  of  this,  the  direct  and  reflected 
•Ignale  were  difficult  to  distinguish.  A  considerable  amount  of 
Judgment  was  required  to  decide  which  part  of  the  electromagnetic 
elgnel  was  the  direct  signal  and  which  part  was  the  reflected  signal. 
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This  sltiiRtlon  mnVret  this  method  of  hurst-help’ht  mensurHment  subject 
to  nnhstpntlnl  error.  Assuming  the  Interpretetlon  of  the  electro- 
mapTietlc  Bl^rnals  to  he  correct,  this  method  of  meesurlnf:  hurst  height 
Is  subject  to  very  serious  errors  for  hurst  heights  on  the  order  of 
500  ft  or  less.  For  such  bidrII  hurst  heights,  the  vnlue  celculeted 
by  this  method  nwy  he  as  much  as  five  times  too  largo.  For  hurst 
heights  on  the  order  of  several  thousand  feet,  errors  up  to  50 
per  cent  may  he  expected. 

5.1.6  Mark  III  Bhpnfineters 

The  yield  measttrlng  portion  of  the  Mark  III  Ehflngmeters 
performed  quite  satisfactorily,  as  evidenced  by  the  resuT ts  tahulpted 
In  Table  5*1.  The  tlme-of-fall  mechanism  failed  to  provide  satis¬ 
factory  results,  which  Is  attributed  to  poor  mechanical  deslan  of  the 
clock  mechanism.  Project  aircraft  were  not  scheduled  to  participate 
In  Shot  6,  therefore  no  reference  to  Shot  6  appears  In  Table  5.1. 

It  will  he  noticed  In  Table  5«1  that  on  Shot  11  two  of  the  Bhangmeters 
received  resell ts  that  were  not  usable  because  of  a  poorly  defined 
minimum.  This  w«s  the  result  of  adding  protective  filters  to  the 
photoheads,  which  caused  the  lla^t  curve  minimum  to  fall  In  the  base 
line  making  It  Imnoaslble  to  determine  vhe  minimum  point  on  the  curve. 

It  Is  generally  known  that  the  formula  used  to  relate  yield 
to  tlme-to-flrst-mlnlmum  Is  one  vhich  Is  derived  emnlrl cally.  The 
yields  given  In  Table  5.1  ere  based  upon  the  formula 

T=  0.085  t2  (5.1) 

where  T  •>  yield  in  kllotons 

t  B  time  to  first  mlnlroiun  In 
milliseconds 

Formula  5.1  1*  recommended  by  the  Mark  III  Bhan^eter  manufacturer, 
TMaart.on.  Oarmeahausan  it  Griar.  os  the  one  best  suited  for  use  In  the 
HPG  area,  considering  the  size  of  the  nuclear  devices  detonated. 

Attention  Is  Invited  to  the  results  obtained  on  Shot  3  by  all 
Bhangmeters.  It  Is  only  fair  to  state  that  there  Is  not  a  clearly 
defined  minimum  for  shots  of  this  small  size.  However,  If  the  person 
Interpreting  the  remits  uses  good  Judgment,  fairly  realistic  resiilts 
can  be  obtained. 
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TABLE  5.1  -  Mark  III  Bhangmeter  Results 


SHOT 

Ha 

BHANGMETER  YIELD,  KT 

SERIAL  “1 

SERIAL'E 

SERIAL  "3 

SERIAL"  4 

1 

■Q 

NOT 

INSTALLED 

NO 

RESULTS 

NOT 

INSTALLED 

16.6 

2 

24.5 

NOT 

INSTALLED 

27.5 

AIRCRAFT 

ABORT 

AIRCRAFT 

ABORT 

3 

0.20 

0-34 

0.53 

0.53 

0  34 

B 

II. 0 

10.3 

TRACE  NOT 
READABLE 

AIRCRAFT 

NOT 

SCHEDULED 

5 

23 

26 

26 

AIRCRAFT 

ABORT 

AIRCRAFT 

ABORT 

7 

43.4 

37.4 

37.4 

AIRCRAFT 

ABORT 

AIRCRAFT 

ABORT 

8 

27 

27.5 

32.3 

27.5 

29 

9 

26 

27.5 

24.6 

26 

26 

10 

14.9 

166 

19. 1 

1 1 

60.6 

RESULTS 

NOT 

USABLE 

POOR 

Mwtmi 

62 

RESULTS 

NOT 

USABLE 

POOR 

MINIMUM 

62 
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CHAPTSR  6 


C0KCLPSI0S3 


6.1  RADAR  TgCHWTQtniS 

The  radnr  teehnlc^uee  tested,  l.e.,  fast  scan  radar,  BIOS  system, 
end  AMTI  principle,  are  all  desirehle  and  could  probably  be  used  in  an 
IBDA  system  to  assist  in  obtaining  the  req.uired  ground  zero  paraiiielor. 
However,  none  of  the  techniques,  individually  or  collectively,  could 
be  considered  important  enough  to  warrant  the  development  of  a  special 
system  for  IBDA  utilising  these  techniques.  In  the  fiiture,  when 
standard  bombing  systems  are  available  which  include  these  techniques 
ns  part  of  the  bombing  system,  It  is  the  opinion  of  the  writer  that 
the  ground  zero  parameter  will  be  obtained  with  greater  ease  and 
probably  more  accuracy  than  it  can  now  be  obtained  with  the  A2l/AP^-2^»- 
and  R- serins  bombing  systems. 

6.2  ELSCTROMAGBETIC  WAVR  BXPBRIMBTIT 


The  use  of  the  electromagnetic  wave  Is  not  considered  a 
practical  method  for  the  height-of-burst  of  nuclear  weapons. 

It  Is  possible  that  this  method  might  bo  developed  into  a  useful 
method  in  the  future.  However,  such  a  device  \/c'ald  require  a  con¬ 
siderable  amount  of  further  development  as  well  as  refinement  of  the 
techniques  used  on  this  experiment.  Even  then,  owing  to  the  complexity 
of  the  electromagnetic  signals,  it  would  not  be  possible  to  decide  on 
the  feasibility  of  this  method  until  a  considerable  amount  of  information 
had  been  obtained  about  the  characteristics  of  electromagnetic  signals 
emitted  by  nuclear  detonations. 

6.3  MARK  III  BHANGMETBRS 


It  can  be  concluded  that  the  technique  employed  for  measuring 
yield  is  satisfactory.  However,  the  tlme-of-fall  mechanism  must  be 
redesigned  for  reliable  operation. 
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6.4  MliVADA  PROVIHO  GROTTK!)  ggBRIMrorTS 


As  a  result  of  the  refraction  experiments  performed  at  It 
ms  concluded  that  the  refraction  of  a  radar  team,  which  Is  in  close 
proximity  to  the  fireball  cloud,  me  too  small  to  be  measured  In  the 
presence  of  other  large  scale  effects.  Based  on  these  results,  it 
can  be  said  that  refraction  is  negligible  and  can  therefore  be 
Ignored  In  IBBA  data  reduction  procedures. 

Results  of  the  experiment  designed  to  detect  radar  returns  from 
the  fireball  Indicate  that  there  Is  no  rafar  return  from  the  fireball. 
The  phenomena  observed  by  airborne  radar,  the  annular  return  and  the 
fireball  cloud  shadow,  were  not  detected  In  this  experiment.  Therefor«t 
It  can  be  concluded  that  any  "brlght-spot*  returns  observed  on  raidar 
FPI's  are  not  a  result  of  reflections  from  the  fireball  but  are 
probably  caused  by  the  shock  mve  when  It  first  hits  the  ground.  It 
can  be  further  concluded  that  the  annular  ring  normally  observed  by 
airborne  radar  sets  Is  a  return  from  "radar  reflectors"  which  are  on 
the  ground.  Since  the  antenna  depression  angle  of  this  ground 
operated  radar  ms  very  small,  It  appears  that  the  height  of  these 
"radar  reflectors"  Is  too  small  to  cause  a  radar  return,  however,  the 
depth  la  sufficient  to  provide  a  return  to  radar  eets  which  are 
airborne  and  have  an  anteiwa  dapreselon  angle  of  approximately 
45  degrees. 
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CHAPTER  7 


RECOMMBHDATIONS 


7.1  RADAR  TECHNIQ.UBB 

Hone  of  the  technlquee  teeted  contribute  sufficiently  to  an 
IBDA  eystem  to  warrant  the  development  of  a  epoclal  syatorr  fcr  TprA, 
Therefore,  It  It  reconikended  that  the  technique!  be  used  as  applicable 
when  they  become  available  ae  part  of  etandaM  bombing  radar  eyeteoe. 
It  If  further  raaomnended  that  other  new  teehaiquei,  applloable  to 
IBOAt  he  tTAluAted  in  ioture  teete. 


7.2 

§r 


lUMUKimiMOTlC!  Min  W?TOlHiniT 


fi  fin  {111  Hill 

I 


7.3  HBVADA  PROVING  GROUND  EIPHRIlCTrS 

It  le  recommended  that  the  reeulte  obtained  by  the  Project  6.2 
ground  experiment*  at  NPG  be  considered  conclusive  and  no  further 
effort  be  expended  on  this  type  Investigation. 
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APP2HDIX  A 


OPERATION  DPSHOT-KNOTHOLI 

Project  6,2 

NEVADA  PROVING  GROUNDS  H3CPSIIME11TS 
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ABSTRACT 


The  oh.lectives  of  Project  6.2  participation  in  Operation 
tJPS HOT-KNOTHOLE  at  the  Nevads.  Proving  Grounds,  were  to  investigate 
the  refraction  of  electromagnetic  radiation  passing  near  the  fireball, 
to  obtain  fundamental  data  concerning  the  various  phenomena 
associated  '^.th  a  nuclear  detonation  by  observation  of  the  direct 
radar  returns,  and  to  ascertain  if  a  correlation  exists  between  any 
of  the  various  cbarncterl sties  of  the  returns  and  the  yields  of  the 
detonations. 

To  accomplish  these  objectives  t%K>  experimental  systems  were  set 
up.  Basically,  the  instrumentation  for  the  refraction  experiment  con¬ 
sisted  of  »  radar  transmitter  with  its  antenna  elmed  immediately  past 
the  fireball  at  an  array  of  radsr  receivers  in  direct  line  of  sight 
with  the  radar  transmitter  and  the  fireball.  The  time  history  experi¬ 
ment  was  instrumented  with  a.  radar  set  AN/APS-42  and  a  !DttMo“t  294 
oscilloscope  on  which  the  returns  were  dlsulayed  and  photogi  -phed, 
pulse  by  pulse,  with  a,  high-speed  camera. 

The  refraction  of  the  rodar  beam  was  too  small  to  be  resolved. 
Radar  reflection  from  the  fireball  was  not  observed.  The  annular 
r^nv  '^nd  the  cloud  shadow  were  not  detected.  However,  on  all  experi¬ 
ments  large  fluctuations  of  signal  amplitude  were  preeent.  The  region 

W'A  W>  C’.VJ/n,,..  WUW— A  jgX'UUIlU  sero. 


ACniOXL^MTNTS 


The  successful  performance  of  this  project  in  the  face  of  the 
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APPENDIX  A 


NEVADA  PROVING  GROUNDS  EXPOHMOTS 


A.l  0PJ2CTTVE 
A.  1.1  General 

The  purpose  of  this  portion  of  Project  6.2,  wae  to  observe  r»- 
frectlon  effects  of  reder  vaves  in  the  vicinity  of  an  atomic  detonation, 
end  to  observe  direct  radnr  returns  from  tiie  llioball  of  the 
detonation.  Two  different  types  of  experiments  were  made  during 
Oporntlon  UPSHOT-OOTHOLS  for  this  purpose. 

A. 1.1.1  Hefmctton  ExTierlment 

The  refraction  exoerlment  was  designed  to  determine  if  re¬ 
fraction  occurs,  and  to  what  extent,  when  electromagnetic  radiation 
from  a  rad^r  transmitter  verses  near  an  atomic  detonation.  Previous 
reduction  of  radar  data  h»s  been  wide  with  the  assumption  tha.t  electro¬ 
magnetic  radiation  is  propagated  rectlllneorly  In  the  vicinity  of  the 
fireball.  The  occurrence  of  refraction  would  reculre  that  some 
correction  factor  be  Inti-uuuceu. 

A . 1 , 1 . 2  Time  History  Experiment 


In  the  time  history  exoerlment,  radar  returns  from  the 
fireball  area  were  observed.  This  experiment  had  a  d’lal  purpose: 

a.  To  determine  if  the  direct  radar  returns  would  provide 
any  fTindamental  data  concerning  the  burst  phenomena. 

b.  To  determine  if  aav  correlation  exists  between  the 
characteristics  of  the  radar  retTirns  and  the  yield  of 
the  nuclear  detonation. 
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A.  2  BACrfiROTTOT)  AYT)  ■TWRT 


A. 2.1  Gencr»l  Bn ckf round 

During  Opprfltlon  CROSSROADS  In  19^6  nn  experiment  wee 
conducted,  ne  a  matter  of  scientific  Interest,  to  determine  the 
effects  of  a  nuclear  detonation  on  the  performancj  of  radar  systems. 

?or  the  first  time  radar  returns  reflected  from  the  vicinity  of 
ground  zero  were  observed. 

In  1950,  Headciuarters ,  DSAT,  requested  Wright  Air  Development 
Center  (WADC),  Wrlght-Patterson  Air  Force  Base,  Ohio,  to  devise  an 
Indirect  Bomb  DBma,ge  Assessment  (IBDA)  system.  This  system  would  be 
capable  of  measuring  the  three  parameters,  ground  zero,  height  of 
burst,  and  yield,  which  are  required  to  assess  Indirectly  the  damage 
caused  by  a  nuclear  detonation.  Any  aircraft  in  the  strike  cell 
including  the  drop  aircraft,  must  bo  ablo  to  obtain  the  data  necessary 
to  determine  the  desired  parameters. 

The  Aircraft  Radiation  Laboratory  (AHl)  of  WADC  proposed  that 
a  radar  oystom,  used  as  the  sensing  device,  would  provide  a  basis  for 
an  all-weather  technique.  A  preliminary  system  was  then  formulated 
to  determine  height  of  burst  and  ground  zero  of  a  nuclear  detonation 
from  a  sequence  of  photographs  of  the  radar  returns  from  the 
detonation  as  seen  on  a  Plan  Position  Indicator  (PPI)  radar  scope. 

During  operations  CRXBRHODSX,  BnST5R.*iTANGIiX,  and  TnMBLB^^ 
SNAPPXR,  the  Instrumentation  was  Improved  and  some  quantitative  data 
were  obtained. 

A. 2. 2  Refraction  Ihrnerlment 

In  reducing  the  radar  data,  all  electromagnetic  radiation  was 
assumed  to  travel  In  straight  linos.  Since  some  rays  emitted  by  the 
radar  antenna  pass  ne»r  the  fireball  during  a  measurement,  such  rays 
nay  suffer  aupreclable  refraction.  If  e  stibstantlal  amount  of 
--e-.-alnx  nor-'.r,  m  method  mUSt  bc  icvlccd  t*'  rnalrm  allowance 

for  It  In  the  data  .  eduction  process.  The  refraction  experiment 
described  In  this  appendix  Is  an  attempt  to  supply  the  required 
Information. 

A. 2. 3  Time  History  ’fruerlment 

While  direct  radar  returne  apparently  had  been  obtained  from 
nuclear  detonations,  more  complete  data  on  direct  returne  was  desired. 
In  particular,  it  was  desired  to  study  the  radar  returns  for  e  number 
of  test  shots  to  determine  if  they  would  provide  any  fundamental  Infor¬ 
mation  concerning  the  detonation.  It  was  of  particular  Interest  to 
determlns  If  the  amplitude  and  duration  of  the  radar  returns  could  be 
correlated  to  the  yield  of  the  detonation.  The  time  hletory 
experiment  vae  deelgned  to  provide  this  Information. 
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A. 3  IM3TR11MENTATI0N 


A. 3.1  Refraction  Bxnarlment 
A. 3. 1.1  rundamental  Layout 

Inetrumentatlon  for  the  refraction  experiment  coneleted  of 
a  radar  tranamltter  with  Ite  antenna  aimed  Immediately  past  the 
fireball  at  an  array  of  radar  receivers  In  direct  line  of  eight  with 
the  radar  transmitter  and  the  fireball.  (See  Fig.  A.l.)  The  changes 
of  the  transmitter  antenna  radiation  pattern  were  observed  by  noting 
the  variations  of  signal  Intensity  at  the  line  of  radar  receivers. 

The  antenna  radiation  pattern  was  measured  Immediately  prior  to  the 
burst  and  the  recorded  signals  at  the  receivers  permit  It  to  be 
determined  at  any  time  during  and  after  the  buret.  The  change  In 
position  of  the  pattern  axle,  compared  to  Its  pre-burst  position,  Is 
a  measure  of  the  amount  of  refraction  occurring. 

A. 3. 1.2  Mixer  and  Delay  Amnllfler  Unit 

The  radar  pulses  detected  at  the  line  of  receivers  were  all 
displayed  on  an  oscilloscope  slmaltaneously.  To  accomplish  this,  the 
signal  received  at  any  particular  station  was  Cti  Into  a.  .fixing 
circuit  and  combined  with  the  signals  received  at  the  other  receiver 
stations.  To  separate  and  distinguish  the  various  pulses,  a  delay 
of  approximately  10  microseconds  was  Introduced  at  each  station  so 
that  the  radar  pulses  would  appear  sufficiently  far  apart  on  the 
oscilloscope  trace  so  that  they  could  be  Individually  measured. 

Video  amplifiers  were  Incorporated  at  each  station  to  com¬ 
pensate  for  the  attenuation  caused  by  the  long  coaxial  lines  between 
receiver  stations.  The  entire  process  of  mixing,  delaying,  and  am¬ 
plifying  was  repeated  at  each  receiver  station  and,  ultimately,  the 
signals  were  applied  to  ;he  Inuut  of  a  DuMont  type  29**  oscilloscope. 
This  oscilloscope  has  excellent  response  characteristics  and  a  very 
high  accelerating  potential  which  allows  the  photographing  of  fast 
transients.  (See  Fig.  A. 2.) 

A. 3. 1.3  Radar  Transmitter  Antenna  and  Radiation  Pattern 

The  radar  transmitter  i  tlllzed  a  60-ln.  parabolic  reflector 
antenna.  This  antenna  has  a  1.7^  oeam  width  between  the  half-power 
points  at  the  X-band  radar  frequency  of  9375  megacycles,  the 
op jratlng  frequency  of  radar  set  AN/APS-42. 

A  minimum  of  five  points  wore  required  to  delineate  the 
broad  over-all  outline  of  the  radiation  pattern  of  the  antenna.  For 
this  reason,  the  angular  separations  between  the  receiver  stations  as 
measured  from  the  transmitter  wei^o  set  at  0.h25"  each.  Since  maxl- 
mtun  d eviction  of  3*  was  anticipated,  16  receiver  stations  were  used 
In  the  receiver  line.  This  allowed  for  two  receiver  stations  on 
either  side  of  the  exnected  end  points  of  the  detector  line  as  a 
margin  of  safety. 
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Fig.  A.l  Sehanatic  layout  I'or  liefraetion  Ebcporiaent  Showing  Relative  Position  of  Radar  Transmitter 
line  of  Receivers,  and  Fireball 


SIGNALS  FROM  PRECEDING  STATIONS 


Fig.  A. 2  Plcck  riutras  of  Receiver  Line  and  Cscilloscope 


Becpuse  the  Aletsiice  between  the  receiver  stations  was  a 
function  of  the  distance  from  the  radar  transmitter  to  the  receivers, 
the  separation  between  the  receivers  varied  from  shot  to  shot  from 
500  to  800  ft.  With  16  stations  In  the  receiver  line  and  an  800  ft 
separation  between  receivers,  the  receiver  line  extended  2.3  miles 
from  end  to  end.  (See  Tig.  A. 3.) 

A  typical,  although  idealized,  antenna  radiation  pattern 
as  detected  at  the  receiver  array  is  shown  in  Flg«  A.4*  In  this  fig* 
ure,  the  trananitter  antenna  was  centered  on  receiver  station  No.  5  and 
examples  are  shown  for  both  the  situations  with  and  without  the  presenee 
of  refraction. 

A. 3.1.^  Synchronization  Network 

To  maintain  the  received  signal  pulses  at  the  correct 
relative  position  on  the  oscilloscope  trace,  an  external  signal  was 
applied  to  the  oscilloscope  to  Initiate  the  sweep.  This  sweep  signal 
was  synchronized  with  the  pulses  from  the  radar  trs.nsmltter  so  that 
an  oscilloscope  trace  was  Initiated  .lust  prior  to  the  arrival  of  the 
signals  at  the  first  receiver.  The  synchronization  loop  was  provided 
by  Installing  a  radar  receiver  at  the  original  transmitter  site  and 
a  second  radar  transmitter  off  to  one  side  of  the  receiver  line. 

(See  Tig.  A.5. ) 

The  synchronizing  transmitter,  radar  set  AN/APS-10,  wae 
placed  far  to  one  side  of  the  receiver  line  to  minimize  the 
possibility  of  the  burst  blanV-lng  out  the  synchronizing  signal.  The 
synchronizing  signal  was  sent  simultaneously  by  coaxial  line  to  the 
oselllo-jcope  and  by  air  to  the  synchronizing  receiver. 

To  prevent  other  radar  signals  from  triggering  the  AN/APS-<>2 
transmitter,  both  the  synchronizing  transmitter  and  the  synchronizing 
receiver  were  equipped  with  60-ln.  parabolic  reflector  antenna  having 
a  narrow  beam  width  1.?®  and  a  gain  of  32  db  each.  This  resulted 
In  a  very  strong  signal  at  the  synchronizing  receiver,  allowing  the 
receiver  sensitivity  to  be  reduced  and  thereby  decreasing  the 
possibility  of  triggering  on  spurious  signals. 

A  delay  circuit  was  added  between  the  oscilloscope  and  the 
synchronizing  transmitter  to  allow  sufficient  time  for  the  sync'nronlz- 
Ing  pulse  to  travel  to  the  synchronizing  receiver,  trigger  the  AN/APS> 

42  radar  transmitter,  and  still  allow  adequate  time  for  this  newly 
transmitted  pulse  to  arrive  at  the  receiver  line.  The  delay  time,  of 
the  order  of  200  mlcroseeonde,  wae  provided  by  a  TS-592  pulse 
generator  modified  to  provide  the  extra  long  delay  required. 

A.3.1.5  Site  Conslderatlone 

Site  selection  wae  a  problem  of  considerable  magnitude. 

Besides  being  spaced  at  0.425*  from  each  other,  the  receivers  all  had 
to  be  situated  in  a  horizontal  pl<>ne.  Since  the  receiver  line  had  to 
be  manned,  the  receivers  could  be  situated  neither  closnr  than  7  alles 
to  ground  zero  nor  north  of  the  access  road  to  the  airstrip,  la 
accordance  with  AlC  regulations.  Tnrthermore,  due  to  the  blast 
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A.3  BHoek  OUgru  of  Receiver  Line  and  Ceeilloscope  Site 


RECEIVER  STATION  NUMBER 

TIC  ENVELOK  OF  THE  FOLKS  IS  AN  INOWATION  OF  THE 
OmENTATION  OF  THE  TRANSMITTED  ANTENNA  RADIATION  FATTSRN 

rig.  A.4  lyplosl  OsoilloNOopo  TTceo  Showing  AapUtudo  of  ^iInm 
itarlwing  at  Roeoivwr  Lin* 
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proflBure,  tho  truck  housing  the  oynchronlzlng  receiver  and  the 
AN/APS-42  radar  tranemltter  could  not  he  located  closer  than  6  miles 
to  the  hurst  lest  the  60-ln.  parahlllc  reflector  antennas  get  damaged 
by  the  blast. 

In  spite  of  the  fact  that  the  truck-mounted  AIT/APS-42  trans¬ 
mitter  vrns  maintained  a  minimum  of  6  miles  from  ground  zero,  braces 
were  Installed  on  the  side  of  the  van  opposite  to  the  burst  to  prevent 
the  capsizing  of  the  truck  by  the  blast  pressure  of  the  shock  wave. 

A. 3. 1.6  Mobility  of  gflulpment 

Because  line  of  sight  thrortgh  the  burst  had  to  be  maintained 
between  the  AN/APS-^i2  transmitter  and  the  receiver  line,  It  was 
necessary  to  relocate  the  test  sites  for  each  shot.  Tor  this  reason, 
It  was  Imperative  that  the  equipment  be  readily  transportable  from 
place  to  place. 

The  AN/APS-42  transmitter  and  the  synchronizing  receiver 
were  both  mounted  In  the  some  truck,  while  the  two  generators  supply¬ 
ing  power  to  these  were  trailer  mounted.  Therefore,  all  equipment  at 
this  site  was  easily  moved. 

The  equipment  for  each  receiver  station.  Including  the 
battery  power  supply,  was  Installed  In  a  wooden  Instrument  shelter 
which  was  easily  carried  about  from  one  site  to  another  by  loading 
It  with  an  A-frame  on  a  2-1/2  ton  truck. 

The  equipment  for  the  oscilloscope  site  and  synch: onl zing 
transmitter  site,  however,  was  Installed  In  light  frame  shelters  with 
8  X  12-ft.  floor  size  and  mounted  on  wooden  skids  so  tha'.  they  could 
be  dragged  about  behind  a  2-1/2  ton  truck. 

A. 3. 1.7  Cable  Relocation  for  Each  Shot 

Both  the  coaxial  cable  and  the  field  telephone  lines  that 
were  strung  out  between  receivers  had  to  be  picked  up  and  relald  for 
every  shot.  Since  over  2  miles  of  e*»ch  were  used,  this  was  a  problem 
of  considerable  Importance. 

/. .  J .  w  I'li'im  Aunx  ifiiniit 

A. 3 .2.1  Fundamental  Layout 

The  time  history  (TH)  experiment,  the  aim  of  which  was  to 
study  the  direct  radar  returns  from  a.  burst,  was  much  less  involved 
than  the  refraction  experiment  Just  described.  The  Instrumentation 
for  this  phase  consisted  of  a  standard  radar  set  AN/APS-^i2  and  a 
DuMont  type  29*+  oscilloscope,  on  which  the  returns  were  displayed  and 
uhotograuhed ,  pulse  for  pulse,  with  a  high-speed  camera.  The  r^dar 
antenna,  which  was  the  standard  antenna  ordinarily  used  with  the 
AN/APS-42,  was  centered  on  the  expected  burst  position  and  locked  into 
place.  The  antenna  has  a  'bop.m  width  of  5-*l/2°.  This  site  was  located 
west  of  the  control  point  and  from  8  to  l*t-l/2  miles  from  the  various 
ground  zero  locations. 
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A. 3. 2. 2  Antanna  Mount 

Because  of  the  distance  from  the  TH  site  radar  system  to 
ground  zero,  It  was  Important  that  the  antenna  not  move  about,  once 
having  been  locked  Into  position  on  target.  To  minimize  movement 
by  the  wind,  the  antenna  was  mounted  on  a  rigid  frame  firmly  imbedded 
In  the  ground,  and  was  separated  from  the  Instrument  ehaek  itself 
eince  the  shack  would  shake  appreciably  In  the  wind. 

A.3.2.3  Modlflcatlone  to  Radar  Set  AM/APS-42 

The  radar  set  was  modified  to  the  extent  that  the  video 
signal  was  no  longer  cut  off  by  a  limiter  stage  so  that  the  pulses 
presented  on  the  oscilloscope  were  proportional  to  the  signal  Intensity 
received  at  the  radar  antenna.  A  delay  circuit  was  Introduced  between 
the  radar  set  trigger  signal  and  the  sweep  circuit  of  the  oscilloscope. 
Thus,  any  portion  of  the  sweep  of  particular  Interest  could  be  expanded 
on  the  oscilloscope  and  studied  In  detail. 

Hadar  set  AII/APS-42  operated  on  an  X-band  frequency  of  9375 
megacycles  and  had  a  pulse  repetition  frequency  of  780  pulses  per 
second.  The  voltage  supply  requirements  were  28  volte  A“0  end  il5 
volts,  400  cycles  a-c.  (See  Fig.  A.b.) 

A. 3. 3  Auxiliary  fiefractlon  Experiment 

A. 3. 3.1  General 


It  was  learned  that  a  unit  from  the  Naval  Xlectronlcs  Lab-> 
oratory  (NIL)  would  be  observing  the  detonation  with  a  radar  system 
which  had  a  very  high  rate  of  eean  i20  scans/ see) .  Arrangements 
were  made  to  have  this  xinit  arrive  at  NFU  one  week  earlier  than 
originally  planned,  to  participate  In  one  of  the  shots  for  the  purpose 
of  Investigating  radar  refraction  phenomenon.  This  experiment  had  two 
objectives:  to  obtain  additional  data  concerning  the  refraction  by  the 
fireball  of  electromagnetic  radiation  in  the  region  of  radar  frequen¬ 
cies,  and  to  obtain  some  Idea  of  the  feasibility  of  using  a  fast  scan 
radar  system  and  corner  reflectors  to  cQsorvs  this  refraction 
phenomenon. 

A.3.3.2  IWdamental  Layout 

The  Instrumentation  for  this  experiment  consisted  of  the  NIL 
fast  scan  radar  system  and  five  radar  corner  reflectors.  The  data 
were  recorded  on  film  by  photographing  both  the  FPI  scope  and  the 
magnified  B>scope  sector  presentations.  One  photograph  was  taken  for 
each  scan  of  the  antenna. 

A. 3. 3. 3  Orientation  Conslderptlon 

Tbs  radar  set  was  placed  at  a  convenient  site  to  oosnand  a  good 
view  of  the  shot  tower.  The  five  oomer  reflsetors  were  so  positioned 
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fig.  A.6  Block  Diagram  of  Tine  History  Experiment  Apparatus 


that  the  first  was  practically  on  the  line  of  sight  through  the  shot 
tower  and  the  radau*  set.  The  four  remaining  reflectors  were  in  the  saune 
horizontal  plane  as  the  first  and  spaced  at  1/2°  intervals  from  each 
other.  (See  Fig,  A, 7.) 

The  reflectors  at  a  greater  angle  from  the  line  of  sight 
through  the  shot  tower  were  placed  closer  in  range.  Since  the  NEL  radar 
system  has  an  azimuthal  resolution  of  approximately  5°»  this  variation 
in  range  made  it  possible  to  resolve  the  retums  ft*om  the  reflectors 
spaced  at  1/2°  intervals. 

A . 3 . 3 . ^  Phenomenon  Obeerved 


By  obeervlng  the  position  of  the  reder  reflectors  Indicated 
on  the  PPI  scope,  it  van  noselhlo  to  determine  whether  or  not  any 
refraction  of  the  elnctrornn^netlc  radio  tlon  too’c  place.  (See  Pig.  A. 8) 
Previous  to  the  detonation  the  radar  beam  proceeds  along 
the  path  C  and  the  reflector  Is  Indie -ted  on  the  PPI  presentation  at 
Its  actual  position  A.  After  T^,  assuming  that  the  beam  Is  bent  In 
toward  the  burst,  the  rad-'r  beam  travels  along  oath  B,  Consequently, 
to  the  radar  system,  the  reflector  has  shifted  to  nosltlon  B,  chftn/rlng 
not  only  the  azimuth  but  also  the  range  since  the  oath  length  for  P 
Is  longer  than  that  for  C.  This  shift  of  the  position  of  the 
rsfleotor  Is  s  rpnflniiot»s  prooens  "nd  Is  not  a  sudden  transition  from 

A  to  B,  fiirthermoro,  the  ehonr«  In  r^nre  for  on  epnreoloM# 

. 
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bettor  to  measure  the  aauarent  lateral  shift  of  the  reflectors. 
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A. 4.1  Creneral 


As  the  teat  operation  nro.’Tessed ,  It  was  found  necessary  to 
make  minor  alterations  In  the  original  experimental  layout  and  to 
make  minor  modlflc-tlons  In  the  electronic  equlnmant.  Thene  alter¬ 
ations  and  modifications  are  not  considered  of  sufficient  Importance 
to  Include  an  part  of  this  report.  Betalls  may  be  seen  In  Vitro 

The  Instrumentation  employed  was  set  up  and  calibrated  urlor 
to  each  shot.  The  calibration  procedures  are  not  considered  unique 
and  therefore,  are  not  m»de  a  oart  of  this  apuendlx.  Considerable 
difficulty  was  encountered  in  properly  aligning  the  60  In.  uarabollc 
radar  antennae,  however,  considering  the  narrow  3,7^  antenna  beam  width, 
this  difficulty  was  to  be  expected. 

After  each  snot,  the  exposed  film  was  sent  to  the  pro.lect 
officer  at  Flrtland  Air  Force  Base  via  the  Indian  Springs  Air  Force 
Bare  -  Flrtland  Air  Force  '^aoe  Shuttle  aircraft.  The  film  was 
processed  by  "'Vest  Lab"  of  Sandla  Corooratlon.  The  oroject  officer 
made  a  cursory  exa-ilnutlon  of  the  processed  film  and  reported  any 
dlBcreponcles  to  the  TIPC  oorsonnol  prior  to  the  next  shot. 
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Fig*  A.7  Orientation  of  Refleetorsy  Tower,  and  Radar  Tfe«iuBd.tter  for 
Refraetion  Ebcperinent  Using  Fasti^ean  Radar 


Fig.  A.8  DlagrcuB  Showing  Shift  of  Position  of  Reflaetor  Ohs  to  Reflrao- 
tion  of  Radar  Bean  as  Seen  on  PPl  Indieator  of  Fast-Soan  Radar 

^tsa 
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A. 5  RESULTS 


A. 5*1  General 


The  dntft  for  the  various  experiments  were  recorded  on  film. 
Mensurements  were  made  later  from  the  film  with  the  use  of  a  film 
reader  which  megnlfled  the  Ima^e  10  times. 

All  avallahle  data  were  nnelyred  and  graphs  were  plotted.  It 
WHS  considered  unnecessary  to  Include  the  graphs  In  this  appendix, 

A. 5. 2  Refraction  Bbcnerlment 

Tot  this  experiment  the  oscilloscope  display  of  the  signals 
from  the  Indlvldtial  receivers  was  photographed  trace  hy  trace.  Each 
trace  showed  a  pulse  for  each  receiver  within  the  transmitted 
radiation  pattern. 

The  amplitude  of  each  pulse  on  a  reco.’ded  trace  was  measured 
In  centimeters  as  presented  on  a  film  reader  with  a  magnification  of 
18.  These  amplitudes  were  graphed  In  two  fashions:  a  plot  was  made 
of  the  pulse  amplitude  for  each  receiver  as  a  function  of  time 
(frame  numher);  and  the  pulse  amplitude  was  plotted  as  a  function  of 
azimuth  (receiver  station  number)  for  several  specific  time  Instants, 

Since  the  base  line  of  the  trace  was  quite  distinct,  there 
was  no  difficulty  In  choosing  a  reference  line,  yrom  this  reference 
line  the  maximum  value  of  each  pulse  was  measured  and  recorded.  The 
cameras  were  started  5  eec  before  Tg  and  operated  for  about  30  sec. 
Consequently,  much  more  data  were  available  for  reduction  than  was 
significant  to  the  experiment.  Hence,  the  data  reduction  was  begun 
at  an  arbitrary  point  prior  to  Tg,  depending  upon  the  activity  of  the 
pulses,  and  was  continued  for  as  long  a  period  after  Tg  as  required 
to  Include  all  the  pertinent  activity.  Physical  properties  of  the 
burst  were  taken  Into  account  In  determining  when  the  pertinent 
activity  had  ended.  Not  every  trace  was  measured  during  the  period 
of  pertinent  return.  For  example,  when  the  amplitude  of  the  return 
from  a  given  receiver  varied  slowly,  measurements  were  not  made  as 
frequently  ns  in  tlia  coses  when  the  amplitudes  changed  rapidly  wltu 
time.  O’oneequentiy ,  during  periods  of  quiescence  several  frames  of 
data  wore  omitted.  The  frequency  of  measurements  of  the  pulse  heights 
Is  variable  depending  upon  the  activity  of  the  radar  returns, 

A. 5. 2.1  Shot  1.  17  March  1953 

No  data  obtained  because  of  equipment  failure. 

k. 5.2.2  Shot  2,  24  March  1953 

The  graphs  of  pulse  amplitude  versus  time  (frame  number) 
show  a  period  of  relatively  little  change  for  approximately  0.1  sec 
after  T  ,  then  the  signal  strength  at  each  of  the  receivers  fluctuated 
widely  for  a  period  of  about  0.^  sec.  The  receivers  closer  to  ground 
zero  realized  this  fluctuation  first,  while  those  further  away  received 
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It  progreaslvsly  Inter.  This  oscillation  of  signal  strength  'mn  much 
greater  for  those  receivers  nearer  the  hurst  than  for  thoee  farther 
away.  The  frequency  of  this  signal  strength  oscillation  was  of  the 
order  of  200  ops.  The  receivers  closer  to  ground  zero  were  blanked  out 
and  received  no  elgnal  when  they  apparently  were  In  the  cloud  shadow. 
This  blanking  began  at  the  station  nearest  ground  zero,  moved  out  to 
Include  several  stations,  then  started  to  move  back  in  a^ln  when  the 
measurements  ended. 

*•5.2.3  Shot  3.  31  March  1953 

On  this  shot  the  yield  was  unexpectedly  low  »nd  the  blue  box 
did  not  trip.  As  a  renult,  there  Is  no  Tq  Indication  and  the  data  are 
too  ambiguous  to  be  of  any  value,  since  T^j  cannot  be  determined  from 
the  return  characteristics. 

*•5.2.4  Shot  4.  6  April  1953 

This  shot  was  an  air  burst  and  the  refraction  experiment 
was  not  performed. 

A.5.2.5  Shot  5.  18  April  1953 

Because  of  the  topography  of  the  Nevada  Proving  Qrounds  it 
was  not  possible  to  perform  the  refraction  experiment.  Instead  a 
control  experiment  was  conducted  In  which  no  radar  transmitter  wae 
used.  The  data  are  not  tabulated  but  the  film  shows  no  change  either 
at  Tg  or  later.  This  Indicates  that  the  effects  observed  in  the  other 
experiments  were  not  due  to  eleotromagnetle  radiation  ealtted  by  the 
burst  or  to  any  other  effect  of  the  buret  on  the  experimental  equip* 
ment. 


(1.5. 2.6  Shot  6.  11  April  1953 

Again,  a  marked  oscillation  in  signal  strength  ocexirred 
which  seema^  to  mo^a  out  from  ground  zero  with  time  and  decre».BSd  iu 
intensity  •<»  it  moved  out.  The  receivers  with  the  higher  numbers  were 
closer  to  ground  zero  while  those  with  lower  numbers  were  further 
away.  Receiver  Nos.  8,  7.  and  6  received  the  elgnal  oscillation 
immediately  at  T^  with  No.  8  settling  down  first,  then  No.  7,  and 
finally  No.  6,  Receiver  No.  5  apoarently  eatiirated  and  produced  no 
useful  elgnal  but  No.  4  and  No.  3  both  later  exuerlsneed  the  large 
amolltude  oecillatlons  which  auparontly  had  a  frequency  of  about  90  to 
100  cue.  Receiver  No.  9,  nearest  to  groitnd  zero  of  all  receivers 
within  the  tranemitter  antenna  radiation  field,  was  blanked  out 
immediately  at  Tg  with  No.  8  and  No.  7  becoming  blanked  eucceeslvely. 
The  slgna-le  returned  to  those  receivers  In  the  order  7,  8,  end  9. 

After  the  large  anrAltude  oeclllatlone,  which  lasted  about 
0.1  see,  the  receivers  went  through  a  stage  of  a  very  slowly  oeeill* 
ating  ehanre  in  signal  strength.  The  amplitude  of  ^eee  oeeillmtioaa 
•■*!!  compared  to  the  wild  oeeillatlons  experienced  right 

h5 

SiCRET- RESTRICTED  DATA 


The  plot*  of  signal  strength  versus  ezlmuth  (receiver 
station  number)  showed  no  change  In  the  pattern  with  time  If  the  large 
amplitude  oscillations  and  the  blanking  out  of  receivers  ®o.  7,  8, 
and  9  wore  not  considered. 

About  8  sec  after  T^  a  second  dlstrubanco  caused  an 
oscillation  In  signal  strength  at  the  receivers.  This  dlstrubanee 
affected  the  outer  receivers  first,  then  moved  toward  ground  ssro. 

This  oscillation  was  of  much  smaller  amplitude  tha.n  the  first  and  Its 
frequency  was  of  the  order  of  0.1  to  0.5  cps. 

A. 5. 2. 7  Shot  7.  25  April  1953 

A  sharp  break  occurred  at  T^  with  the  signal  from  all 
receivers  dropping  to  the  noise  level  ’or  two  frames.  After  two 
frames  (0.0025  see)  all  the  receivers  except  Ro.  10,  which  \ao  most 
directly  In  line  with  ground  zero,  recovered  somewhat  and  started  a 
small  and  slow  oscillation.  Receiver  No.  10  did  not  recover  through¬ 
out  the  data  recording  period  of  10  sec.  Meanwhile,  the  wild  oscil¬ 
lation  observed  on  the  other  tests  occurred  first  on  No.  9,  thsn  In 
succession  to  receiver  No.  1.  The  frequency  of  the  oscillation  was 
of  the  order  of  100  cps  and  lasted  longer  at  those  receiver  stations 
further  from  ground  zero. 

A  short  time  after  Tq  (0.03  sec),  receiver  No.  9  blanked 
out  followed  successively  by  receivers  No.  8  through  No.  3.  The 
signals  then  reappeared  on  all  receivers  In  the  reverse  order. 

About  6  sec  after  T^,  the  second  series  of  signal  Intensity 
oscillations  appeared,  affecting  successlvsly  receivers  No,  1,  to 
No.  9.  This  osclllatlonwas  of  the  order  of  10  cps  and  the  disturbance 
apparently  moved  toward  ground  zero  at  a  smeh  slower  rate  than  the 
first  oscillations  moved  outward. 

A.5.2.8  Shot  8.  19  May  1953 

In  general  the  same  features  are  apparen'  as  for  the 
previous  cases.  The  portion  of  the  beam  nearest  ground  zero  was 
blanked  out  and  reappearod.  *  v*"!-’  ■ac'” ““  "•* '-n-’ 

strength  moved  outward  from  ground  zero  at  first  and  then  back  again 
at  a  much  later  time.  The  frequency  of  the  first  oscillation  was  of 
the  order  of  250  cps  while  that  of  the  second  oscillation  was  0.2  cps. 
Tor  this  case  the  antenna  was  centered  on  receiver  No.  ^  and  the  pulse 
amplitude  from  receiver  No.  4  prior  to  was  the  mazlmoa  of  all  the 
receivers. 

A.5.2.9  Shot  9.  8  May  1953 

This  was  an  air  burst  and  ths  refraction  experiment  was  not 

performed. 


A.5.2.10  Shot  10.  2S  May  1953 

This  was  an  air  burst  and  the  refraction  experiment  was  not 

performed. 
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A .  5 . 2 . 1 1  Shot  11 .  u  Jiinw  1Q53 


Thlfl  Wfl  on  ftlr  hnrst  ond  tho  refmctlon  ejcnerlment  was  not 

perfonnert. 

A . 5 . 3  Ttifia  Hintory  Bmertment 

The  d"te  for  thle  experiment  vere  also  recorded  on  film  hut, 
unllho  the  refraction  experiment,  both  hlgh-opeed  ard  low-opeed 
cameraa  were  ueed  to  photograph  the  oecllloscope  trace.  As  before, 
the  hlgh-epeed  camera  photographed  each  oscllloecope  trace  but  the 
low-apeed  camera  BUperlmnosed  two  or  three  traces  on  e»ch  picture 
frame.  Mennurementfl  were  made  on  both  the  low-apeed  and  high-speed 
films  using  the  same  techniques. 

In  the  first  few  shots  the  gain  of  the  radar  receiver  was  set 
so  low  that  no  ground  clutter  appeared  on  the  trace.  As  a  result,  the 
base  line  on  these  films  was  sharp  and  It  was  not  difficult  to 
establish  a  reference  line  for  the  determination  of  pulse  amplitudes. 

In  the  later  shote  the  gain  was  set  relatively  high  and  the 
ground  return  made  establishment  of  a.  suitable  base  line  more 
difficult.  Becouoe  the  film  wae  transported  through  the  high-speed 
camera  with  a  continuous  rather  than  an  Intermittent  motion,  the 
trace  sloped  dovnvnrd  with  a  slope  oroportlonal  to  the  oscllloecope 
trace  sweep  rate.  Furthernore,  the  mountains  In  the  background 
produced  more  ground  return  than  did  the  Intervening  valley,  causing 
an  apoarent  slope  to  tha  trace.  Hence,  the  selection  of  a  base  line 
was  largely  a  master  of  Judgment,  This  factor,  although  Important, 
was  not  critical  If  choice  of  base  li.ie  was  conelstent  from  trace  to 
trace  for  a  given  portion  of  tho  tr^ce  since  the  variation  of  the 
pulse  amplitude  rather  than  the  absolute  amplitude  was  of  concern. 

The  frequency  at  which  measurements  were  taken  was  determined 
In  much  the  same  fashion  as  In  the  refraction  experiment.  When  the 
change  In  amplitude  of  »  given  pulse  was  sm»ll  from  trace  to  trace, 
mensurements  vrere  not  made  and  those  frames  were  omitted. 

A. 5. 3.1  Shot  1.  17  March  195? 

Sxuerlment  not  performed  because  of  tho  lack  of  timing 

signals. 

A. 5.3. 2  Shot  2.  2U  M->rch  1953 

The  data  show  a  sharp  drop  In  signal  amplitude  at  T^ 
followed  by  a  mild  oscillation  Testing  for  about  l/h  sec.  At  this 
point  the  signal  amplitude  started  oscillating  wildly  with  a  frequency 
of  about  130  cos.  The  wild  oscillation  lasted  about  0.2  sec  and 
settled  dovm  to  a  mild  oscillation  lasting  for  about  l/2  sec.  The 
receiver  gain  was  set  so  low  for  this  test  that  prior  to  T^  only  a 
return  from  the  tower  wae  evident  and  no  ground  clutter  appeared  on 
the  rest  o'^  the  trace. 
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Due  to  the  unexpectedly  low  yield  the  blue  hox  did  not  trip 
end  gave  no  Indication.  Since  cannot  he  aeeertalned  from  the 
eharaetorletles  of  the  data,  no  conclusions  can  he  drawn. 

A.5.3.4  Shot  4.  6  Aurll  1953 

The  film  In  the  high  speed  camera  hroks  on  starting  so  that 
no  data  were  taken  on  this  shot. 

A. 5. 3. 5  Shot  S.  18  April  1953 

The  gain  of  the  radar  receiver  was  set  so  low  for  this  shot 
that  there  was  no  ground  clutter  and  only  the  pulse  return  from  the 
tower  was  evident.  At  T^  this  pulee  disappeared  and  the  trace  was 
flat  throughout  the  rest  of  the  film. 

A.5.3.^  Shot  6.  11  April  1953 

The  gain  of  the  radar  receiver  was  set  so  low  that  only  one 
pulse  appeared  on  the  trace.  This  pulse  was  so  small  that  no  change 
In  Its  amplitude  could  he  measured  throughout  the  period  near  Tg  and 
later. 


A.5.3.7  Shot  7.  25  Aurll  1953 

*  Because  of  difficulty  in  starting  the  cameras  no  data  were 
recorded  for  this  shot. 

A.5.3.8  Dry  Run.  »  Hay  19S3 

Ko  ohservahls  change  In  the  pules  amplitude  was  recorded  on 

the  film. 

A.5.3.9  Shot  8,  19  May  1953 

Data  were  not  obtained  with  the  low-speed  camera  hecause  the 
camera  clutch  broke  and  the  film  did  not  run  through. 

The  graph  of  the  data  obtained  by  the  high  speed  camera, 
shows  that  the  pulee  amplitudes  for  ground  zero  and  for  the  vicinity 
near  ground  zero  were  q^ulte  similar  In  behavior.  At  Tg  there  was  a 
sharp  drop,  followed  by  a  small,  slow  oscillation  which  lasted  for 
about  l/2  sec  for  both  curves.  At  this  point  the  returns  from  ground 
sero  bemn  a  rapid,  large-amplitude  oscillation  which  continued  for 
about  1/2  sec  with  a  frequency  of  approximately  85  cpe.  At  a  later 
time  the  rettu'ns  from  the  vicinity  near  ground  sore  began  the  rapid 
largo  amplitude  oscillations  which  lasted  for  0.3  see  end  had  a 
frequency  of  about  36  cpe. 
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A.5.3.10  Shot  9.  e  May  1953 


yor  thle  shot  the  gain  of  the  radar  receiver  was  set  high 
so  that  there  were  good  ground  returns.  This,  plus  the  fact  that  this 
was  an  air  hurst,  made  the  pulse  returns  In  and  about  ground  sero  mors 
difficult  to  distinguish  than  In  the  previous  cases.  The  location  of 
the  burst  was  caluclated  and  the  region  was  studied  which  showed 
fluctuations.  At  Tq  there  was  a  small,  sharp  rise  In  signal  anplituds 
followed  by  a  slow,  small  oscillation  which  lasted  about  l-l/2  see. 

After  this  the  wild  oscillation  In  signal  orength,  observed  In  the 
previous  tests,  started  up  and  lasted  for  3  sec. 

A.5-3.11  Shot  10.  25  May  1953 

The  T  light  was  so  faint  that  It  was  difficult  to  deter¬ 
mine  when  It  went  out.  Conseiiuontly,  there  was  no  indication  of  T^ 
on  the  data.  The  curves  show  the  presence  of  the  hlgh-amplltude 
osclllatlone  but  It  cannot  be  determined  how  long  after  T  these 
occurred.  The  frequency  of  the  oscillation  was  of  the  order  of 
100  cps. 

A. 5. 3.12  Shot  11.  h  June  1953 

The  Tq  light  was  too  faint  to  photograph  well  and  it  cannot 
be  determined  precisely  where  the  light  goes  out.  The  data  show  no 
msTked  fea.tureSf  and  the  hlgh-amplltude  oscillations  apparent  In  the 
other  eases  were  not  evidenced  here. 

A.5.*t  Ancillary  Refraction  Sruerlment 

The  Naval  Nlectronlcs  laboratory  system  had  no  T  Indicator 
but  at  approximetely  the  expected  time  a  bright  flash  appeared  on  one 
frame  of  the  FPI  presentation  film.  This  apparently  was  caused  by 
light  lea>'ng  Into  the  camera  end  scope  and  therefore  Indicated  T^. 
Immediately  after  this  bright  flash.  In  the  vicinity  of  ground  sero, 
an  expanding  dlstrubance  was  observed  which  traveled  outwardly  very 
rapidly.  The  effect  of  this  disturbance  was  to  cause  the  ground  r^ 
turns  to  scintillate.  This  phenomenon  was  quits  suggestive  of  the 
wild  oscillations  observed  In  signal  amplitude  on  other  occasions. 

Looking  further  out  In  range  to  the  expected  position  of  the  r»> 
flectors  did  not  provide  additional  data  since  the  retume  from  the 
reflectors  were  never  absolutely  defined.  At  the  range  used,  the 
azimuthal  resolution  of  the  rader  system  prevented  detection  of  any 
small  shift  In  angle. 

The  B-ecope  presentation  showed  no  Tg  Indication  and  Tg  could 
not  be  determined  with  any  accuracy.  Again  the  reflector  returns  were 
not  IdentiAled.  At  some  time  after  Tg  the  retume  In  line  with  the 
buret  were  blanked  out  as  though  they  were  In  the  shadow  but  no 
ooneluelve  shift  could  be  observed  before  this  blanking  out  of  signal. 
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A. 6  DX30P38IOW 


A, 6. I  Oenarwl 

The  electroinfl/?netlc  refraction  experiment  wae  conducted  on 
elx  of  the  eeven  tower  ehote.  For  the  remHlnln^r  ehot  It  ws,e 
Impoeelble  to  find  sfttlefpctory  elte  locntlon,  hence  participation 
In  that  ehot  wne  omitted.  Date,  were  obtained  In  five  of  the  bIx  ehots. 

The  time  history  experiment,  however,  wno  perfomed  on  all  11 
shote  and  data  were  obtained  on  el^'ht  of  the  11  ehote, 

A. 6. 2  Refr'ictlon  Experiment 

The  phenomena  neeocl“ted  with  an  atomic  bnrft  have  a  marked 
effect  on  the  tranemleeion  of  mlcrov/«voa  In  the  vicinity  of  the  buret. 
The  effect,  however,  Ib  far  more  complicated  than  elmple  refraction, 
furthermore.  It  le  ImpOBUlble  to  separate  the  refraction  effects 
from  the  other  effects  with  the  present  data,  Tt  is  posplble,  however, 
to  draw  some  concluelonB  about  the  refraction. 

The  refraction  of  the  radar  berm  muBt  be  small.  If  it  were  as 
large  as  had  been  antlcloated.  Its  effect  could  not  have  been  masked 
by  the  other  effect «.  It  must  be  noted  that  In  no  case  was  a  signal 
detected  after  Tq  at  a  receiver  which  had  no  slgn»l  before  Tq. 

The  more  pronounced  effects  show  some  Intare.itlng  features  and 
add  to  the  fund  of  knowledge  concerning  phenomena  assocl-'ted  with  an 
atomic  bttrat.  The  most  striking  of  theoe  features  Is  the  rapid  fluctu¬ 
ations  of  the  signal  strength  received  at  the  various  receivers. 
Slgnlflc»ntly,  these  fluctuations  did  not  usually  begin  at  Tq  but 
started  at  various  tines  after  the  burst.  The  further  a  receiver  r*  j 
from  the  continuation  of  the  line  connecting  the  transmitter  to  thi 
burst,  the  longer  was  the  elapsed  tine  ■’fter  Tq  before  a  fluctuation 
was  observed  In  the  signal  received.  The  fluctuations  lasted  for 
about  sec. 

After  a  much  lonaor  interval  (about  10  sec  later)  the  signals 
began  to  fluctuate  again.  At  this  latter  time,  however,  the  fluctu¬ 
ation  occurred  earllei  In  the  outer  receivers. 

The  amplitude  of  the  received  signal  during  ,he  period  of  fluc¬ 
tuation  goes  through  a  series  of  irregularly  spaced  and  irregularly 
shaped  maxiina  and  minima.  The  time  between  the  maxima  is  irregular  but 
corresponds  roughly  to  a  frequency  of  100  cps  for  the  early  period  of 
fluctuation  and  of  about  l/2  cps  for  the  latter  period. 

It  was  impossible  to  essocl.atR  the  flMctu->tlone  of  the  cignol 
received  In  one  receiver  with  that  received  In  another.  The  vorla- 
tlons  In  any  one  receiver  e.'^peer  to  >e  Independent  of  those  In  any 
other  exceot  for  the  time  at  which  they  st^rt. 

The  observed  phenomena  con  be  depicted  os  the  result  of  a  dis¬ 
turbance  movl ng  Initially  away  ^rom  the  burnt  and  than  moving  back 
tov/ard  It.  The  effect  of  this  disturbance  may  be  thought  to  cause 
random  changes  In  amplitude  of  the  rad^r  signal  movln/?"  through  it.  The 
effects  produced  decrease  with  time  after  T^. 
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Before  ntteraptln^.  to  erplnln  these  results.  It  Is  necessary 
to  Indicate  one  additional  fact.  The  antenna  radiation  pattern,  deter¬ 
mined  hy  plotting  the  amplitude  of  the  signals  received  at  the  various 
receivers  versus  the  angular  spread  of  the  receivers,  vas  quite 
different  from  the  actual  free  epact  antenna  pattern. 

A  possible  reason  for  this  Is  that  the  signal  that  reaches  the 
receiver  Is  actually  the  sum  of  signals  that  have  traveled  different 
paths.  One  path  Is  the  direct  path  from  the  transmitter.  Other  ps-ths 
would  Involve  reflection  by  the  ground.  Since  the  actual  paths  Involve 
nearly  a  million  wave  lengths.  It  Is  quite  certain  that  the  differences 
In  path  length  would  be  many  wave  lengths.  Thus  the  phase  difference 
between  the  signal  arriving  via  different  paths  would  be  essentially 
random  and  the  amplitude  resulting  from  their  addition  might  vary  from 
nearly  zero  to  larger  than  that  of  any  Individual  signal.  Thus,  the 
amplitude  of  signal  received  at  any  receiver  would  depend  not  only 
upon  the  angular  sprea.d  between  the  line  from  the  transmitter  to  that 
receiver  and  the  direction  of  maximum  power  output  of  the  transmitter, 
but  also  upon  the  nature  of  the  Interferences  caused  by  the  multipath 
transmission.  This  would  explain  the  reason  why  regular  patterns  of 
the  form  of  Fig.  k.k  were  not  observed.  It  Is  important  to  note, 
however,  that  the  receivers  outside  of  the  beam  of  the  antenna  would 
under  no  circumstance  receive  an  observable  signal  without  the 
presence  of  refraction. 

The  fluctuations  of  the  received  signals  that  were  described 
above  can  be  explained  on  the  basis  of  this  multipath  transmission. 

The  atomic  explosion  provides  a  region  In  space  (the  fireball)  with 
optical  properties  considerably  different  from  those  of  normal  air. 

The  edge  of  the  region,  moreover.  Is  probably  not  sharp.  The  optical 
properties  change  gradually  from  those  of  noraal  air. 

After  Tg,  this  region  expands.  When  the  region  moves  la 
between  the  transmitter  and  a  given  receiver,  the  direct  optical  path 
to  that  receiver  Is  effectively  changed.  The  paths  via  ground  reflect¬ 
ions  may  also  be  changed  but  probably  not  so  much.  The  result  Is  a 
phase  change  between  the  various  paths  and  therefore  a  change  In  the 
resultant  amplitude.  As  more  of  the  disturbed  region  moves  between 
the  transmitter  and  the  receiver  the  effective  length  of  the  direct 
path  Is  further  changed.  Since  the  distance  Involved  Is  so  large 
compared  to  a  wave  length.  It  is  reasonable  to  expect  the  optical 
path  to  change  by  many  wave  lengths.  The  resultant  auoplltude  will 
then  show  many  maxima  and  minima  corresponding  to  Instants  of  time 
when  the  path  difference  was  an  even  or  odd  multiple  of  the  wave 
length. 

The  second  series  of  oscillations  occurs  as  the  fireball  rises 
or  cools  off.  The  effective  edge  of  the  sphere  would  then  be  In  line 
with  the  outer  receivers  first. 

Another  possible  explanation  of  the  oscillations  Is  that  they 
are  due  to  oscillations  of  the  fireball  sphere.  These  oscillations 
would  cause  a  regular  variation  of  the  effective  path  difference 
between  direct  and  reflected  waves.  This  would  result  In  the  observed 
oscillation  of  the  amplitude.  Cnlculations  based  on  a  simplified  model 
of  the  fireball  Indicate  that  such  a  sphere  should  have  fundamental 
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modes  of  vibration  of  the  same  order  of  magnitude  ne  thoae  observed. 

A  second  major  affect  of  the  burst  on  rnd-’r  tranamlsslon  was 
noticed  at  times  shortly  after  the  first  period  of  wild  fluctuations. 

The  slfinal  arriving  at  the  inner  receivers  -  those  nearest  the  trans¬ 
mitter  to  burst  line  -  diminished  to  the  noise  level.  The  signal  at 
the  Innermost  receiver  disappeared  first.  At  times  considerably  later, 
these  signals  reappeared  and  in  the  reverse  order  to  that  in  which 
tiiey  disappeared. 

This  phenomena  is  similar  to  that  observed  by  airborne  radar 
and  is  called  the  fireball  cloud  ehadow.  The  most  logical  explanation 
is  that  the  radar  energy  Is  absorbed  by  the  ions  formed  in  the  fire¬ 
ball  cloud.  Therefore,  the  region  behind  the  cloud,  that  is,  in  its 
shadow,  is  never  renched  by  the  radar  trsnsmlsslon. 

A. 6. 3  Time  History  Bmoriment 

The  time  hlftory  experiment  showed  results  similar  to  those  of 
the  refraction  experiment.  The  occurrence  of  tiie  burst  had  a  major 
effect  on  the  trsnsmlsslon  of  mlcrowavee  in  tiio  vicinity  of  the  burst. 
These  effects  can  he  explained  on  the  name  basis  as  those  observed 
during  the  refraction  experiment. 

There  was  no  observable  reflection  from  the  burst  Itself. 

This  Indlcfltes  that  the  "bright  spot  return"  observed  with  airborne 
radar  did  not  emanate  from  the  fireball.  The  reason  wh.v  the  fireball 
does  not  serve  as  a  good  reflector  is  probably  the  gradual  change  In 
ionization  around  the  f I  reboll.  Tho  chanre  is  so  gradual  that  there 
is  no  appreclehle  shift  In  optical  properties  of  the  air  In  one 
wave  length.  Under  such  conditions  reflections  cannot  be  expected. 

Similarly,  the  other  effects  detected  by  the  use  of  airborne 
radar  were  not  observed.  Neither  tho  "annular  return,"  that  le,  a 
region  expanding  at  the  rate  of  motion  of  shock  wave  intersection  of 
the  ground  and  siiowlng  Incre^'sed  reflection,  nor  the  cloud  shadovf,  a 
region  of  no  radar  reflection,  v'as  detected.  The  failure  to  detect 
these  phenomena  m'ly^  have  been  due  to  the  wide  antenna  beam  width  and 
long  pulse  duration  used.  This  method  of  operation  resulted  in  the 
signal  received  at  tiio  radar  set  at  nn,v  instant  being  the  integrated 
result  of  reflection  from  a  rather  l«rge  area  of  land.  The  portion  of 
the  beam  blanked  out  by  the  cloud  shadow  wan  actually  a  relatively  small 
fraction  of  the  total  beam,  and  tnerefore  this  effect  could  not  be 
observed. 

The  effects  that  were  observed  were  the  same  typo  of  Irregular 
random  fluctuation  of  the  amplitude  of  the  reflected  signals  as  V'as 
observed  In  the  refraction  experiments.  It  is  felt  that  these  fluc¬ 
tuations  were  caused  by  the  same  phenomena.  The  signal  arriving  at 
the  radar  antenna,  at  any  Instant  was  the  result  of  reflections  that 
arrived  from  many  different  objects,  and  that  traveled  many  different 
paths.  The  burst  caused  changes  in  the  effective  length  of  some  of 
the  paths  and  thus  ciianged  the  interference  pattern  at  the  antenna. 
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In  moat  c^aea,  the  period  of  large  flnctuatlone  hegan  consider¬ 
ably  after  Tg.  This  would  Indicate  that  the  observed  reflections  were 
from  objects  at  some  distance  from  ground  eero,  that  Is,  at  the  outer 
edges  of  the  beam.  This  Is  quite  reasonable  since  reflections  from  the 
center  of  the  beam  would  probably  have  been  obliterated  by  the  cloud 
shadow.  Furthermore  any  buildings  around  ground  ssro  would  have  been 
destroyed. 

A. 6. 4  Auxiliary  Refraction  Sxoerlaent 

Observation  of  the  reflectors  by  rapid  scan  radar  did  not  re¬ 
veal  refraction.  There  was  no  observable  shift  of  those  returns  which 
were  tentatively  Identified  as  the  reflectors.  This  may  have  been  due 
to  the  fact  that  the  shift  In  range  for  any  reasonable  amount  of  re¬ 
fraction  would  be  too  small  to  be  detected.  Similarly  an  angular  shift 
might  not  be  detectable  since  the  angular  resolution  of  the  Instrument 
is  quite  poor,  the  antenna  beam  width  being  5"- 

Observation  of  the  region  around  ground  zero  with  this  equip¬ 
ment  showed  the  same  effects  observed  in  the  two  other  experiments. 
ImMedletely  after  T.  the  returns  In  the  region  around  ground  zero  wers 
observed  to  sclntlllPte.  On  the  PPI  presentation  the  expansion  of  th* 
region  of  signal  fluctuations  could  be  observed.  The  cause  for  this 
effect  Is  presumed  to  be  the  same  as  that  discussed  above. 

s 

A.7  CONCLOSIONS 
A . 7 . 1  Refraction  Experiment 

The  refraction  of  the  radar  beam  was  too  small  to  be  observed 
in  the  presence  of  other  large  scale  effects. 

The  most  pronounced  effect  observed  was  the  large  fluctuations 
In  the  amplitude  of  the  signals  received.  This  phenomenon  is  ten¬ 
tatively  Interpreted  as  being  due  to  interference  effects  between  sign* 
als  that  had  traveled  different  paths. 

The  signals  received  at  those  stations  nearest  the  trans- 
mltter-to-burst  line  disappeared  shortly  after  T^.  This  effect  was 
assumed  to  be  due  to  the  absorption  of  the  radar  beam  by  the  fireball 
cloud. 


A. 7. 2  Time  History  lbn?erlment 

Ro  reflection  of  the  radar  beam  by  the  fireball  was  observed. 
The  phenomena  observed  by  airborne  radar,  the  annular  return 
and  the  cloud  shadow,  were  not  detected  In  these  experiments. 

Fluctuations  similar  to  those  observed  In  the  refraction  e»> 
perlment  were  observed.  The  cause  of  these  fluctuations  Is  Metased  to 
be  the  same  as  that  In  the  refraction  experiment. 

A. 7. 3  Auxiliary  Refraction  Ixoerlment 

The  refraction  of  the  rsdar  beam  was  too  small  to  be  observed 
with  the  resolution  available. 
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An  expnndlng  annular  ring  i,-aB  oteorved  In  this  experlnflnt.  In 
this  rlnp  the  ground  pnintlng  Appeared  to  scintillate,  "h.eee  fluc¬ 
tuations  in  signal  strength  of  the  radar  returns  vero  slallar  to  the 
OBClllntlo'ia  ol!u-"-vei  in  the  refraction  and  time  history  experl.'ntnt. 

A .  S  ?t'^go?':-syDA’*'io:83 

A.fi.l  general 

A  more  (luantltatlve  evaluation  of  the  refraction  phenomenon,  a 
detailed  search  for  both  the  annular  return  and  cloud  shadow,  or  a  more 
precise  explanation  of  the  cause  of  the  large  fluctuations  In  signal 
strength  would  require  further  experimentation. 

A. 8. 2  Refraction 

If  further  Investigations  are  desired,  oeveral  methods  of 
instrumentation  are  feasible  for  the  perfornanca  of  the  refraction 
experiment.  They  are  presented  here  in  order  of  preference. 

A. 8. 2.1  rire  Control  Radar  System 

The  most  desirable  method  is  to  observe  the  returns  from  a 
beacon  transmitter  with  two  narrow  beam  antennas  offset  by  a  small 
angle.  Possibly  a  modification  of  an  existing  fire  control  radar 
system  would  be  adequate  to  perform  the  experiment.  The  use  of  two 
separate  antennas  is  necessitated  by  the  rapidly  fluctuating  signal 
strength  observed  during  the  present  test.  The  returns  from  both 
di  -actions  have  to  be  compared  simultaneously.  A  conical  scan  or  a 
loce  switching  system  would  not  be  suitable  since  the  fluctuations 
would  produce  false  "bending"  Information.  The  use  of  the  monopulse 
system  is  ideal,  since  with  this  system  the  returns  from  both  direct¬ 
ions  are  observed  continuously  and  compared  simultaneously. 

Sy  using  a  transponder  beacon  all  ground  returns  would  be 
eliminated  and  the  use  of  narrow  antenna  beam  width  Increases  the 
resolution  posetble. 

A. 8. 2. 2  Narrow  Beam  Antenna 

A  second  method  for  the  refraction  experiment  consists  of 
the  same  system  as  used  during  this  teat  tut  with  the  use  of  a  much 
smaller  antenna  beam  width.  The  use  of  a  K-band  radar  system  with  a 
very  large  parabolic  reflector  would  permit  closer  spacing  of  the 
receiver  etatlons.  Furthermore,  with  tho  narrow  betun  width.  It  Is  not 
necessary  to  observe  tho  patterns  to  determine  the  central  ray.  All 
thst  has  to  be  recorded  is  whether  or  not  a  particular  receiver  station 
detected  a  signal. 
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A  third  method  is  to  use  a  fast  seen  radar  system  observing 
the  returns  on  a  PPI  scope  from  either  reflectors  or  beacons.  The 
refraction  can  then  be  detcrnlned  by  measuring  the  aslrauthal  shift 
of  the  beacon  or  reflector  returns. 

This  method  hes  the  advantage  of  providing  refraction  data 
as  a  function  of  azimuth.  Several  reflectors  can  be  set  up  to  deter¬ 
mine  the  refraction  for  electromagnetic  range  passing  at  various 
distances  from  ♦he  burst  center.  However,  this  system  has  the  dis¬ 
advantage  of  a.  wide  beam  width  which  results  in  poor  resolution. 

A. 8. 3  Annular  Return  end  Cloud  Shadow 

Should  it  be  necessary  to  make  a  more  derailed  investigation 
into  the  annular  return  and  the  cloud  shadow,  the  use  of  a  fast  scan 
r<ada.r  system  with  good  angular  resolution  is  desirable.  Observations 
should  be  made  on  a  PPI  scope  and  the  gain  setting  of  the  radar  set 
should  be  high  enough  to  observe  the  cloud  shadow  and  get  good  ground 
painting  In  the  vicinity  of  the  burst.  It  would  be  desirable  to 
Investigate  the  results  at  two  freq^uencles,  X-  and  K-bandf  Iqr 
means  of  two  radar  sets  placed  side  by  side. 

A. 8. 4  Signal  Amplitude  Pluctuatlons 

During  future  tests,  should  it  be  desirable  to  investigate 
signal  amplitude  fluctuations  experienced  during  this  test,  an  ex¬ 
perimental  setup  similar  to  that  used  during  this  test  is  recommended, 
except  that  a  different  arrangement  of  receivere  should  be  used. 
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Ft.  Enox,  1^. 

57*  58  Comandlng  Offlcar,  Chaalcal  Corps  Chaalcal  and  Radio* 
logical  laboratory,  Am^  Chaalcal  Cantar,  Md.  ATTN: 
Tach.  Library 

59  CooBandlng  Offlcar,  Transportation  RAD  Station,  Ft. 

luKtlo,  Va. 

60  CoiBniiilsiit,  Tha  Transportation  School,  Ft.  Xuatis,  Va. 

ATTN:  Saeurlty  and  Infonatlon  Offlcar 
81  Dlractor,  Taehnleal  Docuaanta  Cantar,  Ivona  Signal 
laboratory,  Balaar,  N.J. 

62  Dlractor,  ^ratlcna  Rasaareh  Offloa,  Johns  Bcpkins 
Unlvaratty,  7X00  Ccnnaetlcut  Ava.,  Chary  Chaaa,  M. 
Waahington  I5,  D.C. 

63-  65  CooMUDdlng  Oananl,  Quartanaatar  Naoaareh  and  DavalcN- 
aant,  CoMand,  Quartanaatar  Raaaarnh  and  TIaatTopnBirt 
Cantar,  Natick,  laaa.  ARNt  OB  LUSaoa  Offlaar 
66-  72  Taehnleal  Infonatlon  fectanalon,  Oak  Rldga#  Tam. 


NAVY  ACT-  .  ITIES 


73-  74  Chlaf  of  Naval  Oparatlons,  D/N,  Waahington  25,  D.C. 
ATTN:  OP-36 

75  Chlaf  of  Naval  Oparatlons,  D/N,  WaaLxjjgluu  25,  D.C. 

ATTN;  OP-03BC 

76  Dlraotor  of  Naval  Ihtalllganea,  d/n,  Waahington  25, 

D.C.  ATTN:  0P-922V 

77  Qilaf,  Buraau  of  Nadiclno  and  Surgaxr,  Waahington 

25,  D.C.  ATTN:  Spaclal  Waapens  Dafanaa  Div. 

76  Chlaf,  Buraau  of  Ordnanca,  1^,  Waahington  25,  D.C. 

79  Chlaf  of  Naval  Paracnnal,  nfis,  Waahington  25,  D.C. 

60  Chlaf,  Buraau  of  Shipa,  D/n,  Waahington  25,  D.C.  ATTN: 
Coda  348 

%  Chlaf,  Airaau  of  Suppllaa  and  Aeeounta,  D/N,  wnahlng- 
ton  25,  D.C. 

Be-  ^  Chlaf,  Buraau  of  Aaronautlea,  D^,  Waahlmton  25,  D.C. 

64  Chlaf  of  Naval  Rasaareh,  Dapartomt  of  tha  Navy 

Waahington  25,  D.C.  ATTN:  Coda  611 

65  Ccmaadar-ln-Chlaf,  U.S.  Pacific  Float,  Float  Foot 

Offloa,  San  Franelaco,  Calif. 

86  Comoadar-ln-Chlaf,  U.S.  Atlantic  Float,  U.S.  Nkvnl 
Baaa,  Norfolk  U,  Va. 

67  CnmanilBiit,  U.S.  Marina  Corpa,  Waahli«ton  25,  D.C. 
ATTNt  Coda  A03B 

86  Aiparintandant,  u.s.  Naval  Poatgradstata  School, 
Nontoray,  CaUf. 

89  Coaaadlag  Offleor,  U.S.  Ndval  Schoola  CoMod,  0.8. 

Iteval  Stetion,  IVaaauia  XalRsd,  am  PraDoiaeo, 

OBlif. 

90  rn— ndliig  Offlcar,  U.S.  Flaat  iralBlag  Cantor,  Nfeval 

8aaa,  Norfolk  11,  va.  ATIN:  Spaeial  Woapmi  Oehoal 
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SECRET 


11(0  Conundar,  Crw  Trminliu!  Air  fore*,  Randolph  Rlold, 

IM,  ATOl  MT3,  DCO/O 

141  CoacMidor,  Boadquortori,  Taehnlcol  Tralnlnc  Air  lore*, 

OulTport,  HIM.  ATTKi  TAU) 

lIC^'lUl  CnMonilint,  Air  fore*  School  of  Aviation  Madlclna, 

Randolph  An,  TOi. 

Ikh-lhli  Coaaandsr,  Vrlpht  Air  DavalopMnt  Cantor,  Wright-  ^ 

Pattaraon  An,  Saytan,  0.  ATTHi  wcosi 
lW'.-lli7  CoMMiidar,  Air  Porea  CaHbrld/a  Raaaaroh  Cantor,  U1 
lanaeoa  riald,  Radford,  Hava.  ATTNi  CRQBT-!’ 
lin-l'jO  CoBMUidar,  Air  Porea  Spaelal  Vaaponi  Cantor,  Elrtland 
An,  H.  Mai.  ATini  Library 

l';l  Ctfonilant,  U8AP  Inatttuta  of  Tachnoloiy,  Wright- 
fattaraoi.  APB,  Dayton,  0.  ATTMi  Raaldant  CoUaga 

IV  Cowandar,  Loviy  An,  Oanvar,  Colo,  ATTRi  Dapartnant 
of  Araaaant  Training 

IVj  Cninilir,  1009th  Spaelal  Waapone  Squadron,  Saad- 
guarUra,  U8AP,  Waahlngton  2},  D.C, 
l‘>-lt>^  Tho  RAMS  Corporation,  1700  Main  Straat,  Santa  Monica, 

Calif,  ATIHi  Ruelaar  Rnargy  Dlvlilon 

1%  Coaaandar,  Saeand  Air  Porea,  Barkadala  APB,  Loulalvna. 

ATTMi  O^ratlena  Analyala  Offlea 

1V7  Caaandar,  tlghth  Air  Porea,  Waatovar  APB,  Maaa,  A.. Ill 
Oparatlena  Analyala  Offlea 

l^S  Cooiandar,  Plftaanth  Air  Porea,  March  An,  Calif. 

ATTMi  O^ratlona  Analyala  Offlea 
1-(9.161,  Taehnleal  Infomatlon  Kitanalon,  Oak  Rldga,  Tann. 

(Surplua) 


91  Coananalnii  Offlear,  II, ll,  Plaal  Tralnliig  Cantor,  Ihval 

motion,  linn  Olago  (A,  Calif,  ATTMi  (OlVI*  llcliooll 

92  Coaaninding  Offlear,  tl.il.  Naval  Oumum  Control  Training 

Cantor,  Naval  Raaa,  Itilladalphia  L'>,  In.  ATTMi  Alic 
Dafanaa  Couraa 

93  Coaenandlng  (ilTIcar,  11,11,  Naval  Unit,  Chanleal  Corpa 

School,  Ariay  Chanleal  Training  Cantor,  Pt,  McClallan, 
AU, 

94  Coannndar,  11,11,  Naval  (irdnnnca  tohomtory,  'iilvar 

Spring  19,  Md.  A’mii  ni 

99  Coaeoandar,  II.S.  Naval  Ordnanca  lohoratory,  lUlvar 
Spring  19,  Md.  ATTNl  R 

90  Coaaandar,  11  S,  Naval  Ordiuuiea  Taat  Station,  tnyokam, 
China  I’tka,  Calif, 

97  Offlcar-ln-Charga,  tl.S.  Naval  Civil  tinglnaerlw  Haa, 
and  Nvaluatlon  lAt,,  II.S.  Naval  Conatructlon  liat- 
tallon  Cantor,  I'ort  lluanama,  Calif,  AriMt  Coda  '■/) 

96  Comandlng  Offlear,  ll.S,  Naval  Madical  Haeaarrh  'nit,. 
National  Naval  Madleal  Cantar,  Iiathaida  14,  Md. 

99  Director,  U.S,  Naval  Raaaarch  laboratory,  Waahlngton 
25,  D.C.  ATTNl  Coda  :'029 

100  Dlractor,  Tlia  Material  laboratory,  Naw  Tork  Naval  INdp- 

yard,  Rrooklyn,  N,  t. 

101  cunaandlng  Ul'I'lcar  and  Dlractor,  tl.S.  Navy  Plactronicu 

laboratory,  San  Oligo  V,  Calif,  ATfNi  Coda  4??3 
iaC-103  Connondlng  Offlear,  II.S,  Naval  Radiological  lafania 

laboratory,  San  Pmnelaco  24,  Calif,  ATTMi  Taehnleal 
Infomatlon  Dlvlilon 

104  Offlcir-ln-Chargi,  Spaelal  Waa|«ni  Supply  Depot,  n.S. 

Naval  Supply  Cantor,  Norfolk  11,  Va, 

105  Comandlng  Offlear  and  Dlractor,  Ikivid  W,  Ibylor  Modal 

Baaln,  Waihlngton  7,  D.C,  ATTNl  Llbniry 

106  Comandar,  U.S.  Naval  Air  Davalopaant  Cantar,  Johni- 

villa,  fa, 

107-113  Taehnleal  Inforaatlon  B-tinilor,  Oak  Rldga,  Tinn, 
(Surplui) 


AOI  FORCE  ACTIVITIES 


114  Aiit.  for  Atosle  Energy,  Raadquartari,  II.IAP,  Waahlng¬ 
ton  29,  D.C.  ATTNl  DCS/O 

119  Dlraetor  of  Oparatloni,  Raadquartari,  USAP,  Waahlngton 

29,  D.C.  ATTHi  Oparatloni  Analyala 
ll£  Director  or  llani,  Raadquartari,  USAP,  WHnlng,.an  - 
D.C.  ATTNl  War  Plane  Dlv, 

117  Dlractor  of  Raiaareh  and  Divalopoant,  Naadquartara , 
USAP,  Waahlngton  29,  D.C.  ATTNl  Coidiat  Coaponanti 
Dlv, 

118-119  Dlraetor  of  Intalllganca,  Haadquarte  ,  VdAr,  Waahlng¬ 
ton  29,  D.C.  ATTNl  AP0IN-rB2 

120  The  Surgeon  Oanaral,  Naadquartara,  USAP,  Waihlngton  .'’5, 

D.C,  ATTNl  Bio.  Daf  Br.,  Pro.  Mad.  Dlv, 

121  Diputy  chlaT  of  Staff,  Intalllganca,  Naadquartara,  U.S. 

Air  P  'rcae  Europa,  APO  633,  Nav  Tork,  N.Y.  ATTMi 
niraetorata  of  Air  mrgata 

122  Comanaar,  uyitn  haeunnaiaaanca  Taehnleal  Squaurcr. 

(Augnantad),  APO  633,  Nav  Tork,  N.T. 

"3  'vesju.d,,.-,  r...  "...t  ;.ir  r.  725,  r-.-. 

caiir, 

124  Comandar-ln-Chlaf ,  Stratagle  Air  Comand,  Offutt  Air 

Pore#  Bait,  Oeiaha,  Nabraaka.  ATTHi  Spaelal  WMpone 
Branch,  Inepactor  Dlv.,  Inapaetor  Oanaral 
129  Coaaandar,  Tactical  Air  Coiinuid,  loiiglay  APR,  Va, 

ATTNl  DMunanta  Baeurlty  Branch 
126  Comandar,  Air  Dafanaa  Coanaind,  Bit  APB,  Colo. 

12'!  Coanandar,  Air  Training  Coaaiand,  Scott  APB,  Ballavllla, 
lU.  ATTNl  DCS/o  OTP 

126  Coanandar,  Air  Raaaarch  and  Davalopaant  Comand,  Po 
Box  1395,  Baltlaora,  Md.  ATTHi  RDDH 
129  Coanandar,  Air  Proving  around  Coanand,  Eglin  APB,  Pla. 
ATTHi  AdJ./Tach.  Raport  Branch 

130-131  Dlractor,  Air  Unlvaralty  Library,  Makvoll  APB,  Ala. 
132-139  Comandar,  Plying  Training  Air  Porea,  Waco,  Tea. 

ATTNl  Director  oT  Obaarvar  Training 


OnOR  DEPARTMTfT  OP  DiyRNSE  ACTIVITIEO 


li4i  Aait,  Saeratary  of  Dafanaa,  Raaaarch  and  DavalopMnt, 
d/d,  WMhlngton  25,  D.C.  ATTHi  Tech.  Library 

167  U.B.  Doeuaanta  Offlear,  Office  of  the  U.S.  National 

Military  Rapraaantatlva,  SHAPE,  APO  99,  Naw  Tork, 

•  N.T. 

168  Dlraetor,  Waapona  SyatOM  Evaluation  Sroup,  OSD,  Ra  ' 

2EIOO6,  Pantagan,  Waahlngton  ?9,  D,C. 

169  Conauidant,  Arnad  Pereae  Staff  Collage,  Norfolk  U, 

Va,  ATTNl  Saeratary 

170-175  Comandlng  'lanaral.  Plaid  Coaamid,  Araad  Poreaa  Spa¬ 
elal  Waapona  Pro.'aet,  Po  Rok  9100,  Albuquerque,  II. 

Max, 

176-177  Cnmandlng  Oanaral,  Plaid  Coaaaind,  Araad  Poreaa,  Special  b 

Waapona  Project,  Po  Box  9100,  Albuquerque,  N.  Max. 

ATTMi  Technical  Training  Oroup 

178-181,  Chief,  Araad  Poreaa  Special  Waapona  Project,  Waahlngton 
25,  D.C,  ATIMi  Doeuaanta  Library  Branch 

187  Office  of  the  Technical  Dlraetor,  Dlraetorata  of  Ef-  • 

facte  Taata,  Plaid  Coanand,  AP8WP,  PO  Box  977, 

Mania  INrk,  Calif.  ATTMi  Dr.  E,  B.  Doll 

188  Conaondlng  Oanaral,  Kllltar/  DIatrIct  of  Waahlngton, 

Rooa  1543,  Building  T-7,  Iravally  Point,  Va, 

I89-I95  Tacl.ilcsl  Inforaatlon  Extanelon,  Oak  Rldga,  Tann, 

(Surplua) 


fi*f>  rj  m.  iv'i  .  rj:, 


196*196  UaSa  Atomle  tiwrgy  CoamiBBion,  Ttchnlcftl 

JJbnry,  I90I  Coiwtitutlon  Avb»,  U^Bhlngton  2^,  DeC« 
ATTJIt  Mr»a  4a  M.  O'Uftiy  (for  DMA) 

199*200  loB  A3mo>  5el«ntirie  lAborMry,  Report  Llbnrv,  PO 
Bos  1663,  Lob  AImoob,  N.  M»Sa  ATTIf:  R«l«n  R«daim 
POl-’PO'j  r>mndiB  Corpontion,  ClMtlflpd  Doeuawnt  ZHvlPtonp 
Sandla  Bbbb,  Albuq'.t«rqu« ,  If.  >tox«  ATTN:  Martin 
Luevro 

Unlvaralty  of  California  Radiation  likboratoryp  1*0  Box 
6o6g  Llvomorag  Califa  ATHf:  Marf^arat  Edlimd 
4*09  Uaapon  Data  Saetlon,  Taehnleal  Infomatlon  Extanalony 
Oak  Rld^O/  Tann. 

nO'PPO  Taehnleal  Infonaatlon  Rxtanalony  Oak  RldKay  Tann. 
(Surplua) 
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